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TROPICAL MEDICINE IN OUR TIME: DEVELOPMENT, RESPONSIBILITIES 
AND NEEDS* 


WILLARD H. WRIGHTT 


There are those who believe that we should 
ever look forward and should eternally fix our 
eyes on far distant goals, but sometimes it is 
pleasant to turn backward and in a contemplative 
mood review the events and vagaries of the past. I 
had been thinking about the genesis of the Ameri- 
can Society of Tropical Medicine and its early 
activities, and in so doing found great satisfac- 
tion in perusing again Ernest Carroll Faust’s 
warm and vibrant account of the first 40 years 
of that Society’s existence. This led me to other 
thoughts of the past and provoked a curiosity 
with regard to conditions which existed at the 
time that Society was founded. You will recall 
that the Society was organized in Philadelphia in 
1903 but that the charter did not become effec- 
tive until early 1904. 

In many respects these years were eventful 
ones in tropical medicine and witnessed basically 
important discoveries. They marked the elucida- 
tion of the etiology of kala-azar in the separate 
investigations of Leishman, Donovan, Rogers and 
Cathoire, and the description of Leishmania 
tropica by Wright. Castellani discovered trypano- 
somes in the cerebrospinal fluid of sleeping sick- 
ness patients and Bruce and Nabarro elucidated 
the method of transmission of the parasite. 
Katsurada discovered Schistosoma japonicum. 
Gautier and Raybaud at Marseilles transmitted 
plague from rat to rat by means of the bites of 
fleas. Graham in Beirut successfully infected hu- 
man volunteers with dengue through the bites of 
mosquitoes. African tick fever was first described 
as a spirochetal infection by Cook. The year 1904 
witnessed the appointment of the Royal Commis- 
sion on Malta Fever, which a year later was to 
establish goat’s milk as the source of infection. 
Finally, Watson in Malaya was demonstrating 
convincingly the basic principles of species sanita- 
tion in the control of malaria. 


* Presidential address before the American 
Society of Tropical Medicine and Hygiene at its 
snandl Gatlinn, November 4, 1960, at Los Angeles, 
California. 

t National Academy of 
Research Council, 2101 
Washington 25, D. C. 


Sciences-National 
Constitution Avenue, 


The chief causes of morbidity and mortality 
in the United States at that time were the in- 
fectious diseases. The construction of the Panama 
Canal had not yet begun and most of the great 
achievements in sanitation and disease control 
were yet to be realized. The annual report of the 
Surgeon General of the U. 8. Public Health and 
Marine Hospital Service for the fiscal year ending 
June 30, 1904, listed for the continental United 
States 1,228 cases of yellow fever with 139 deaths 
and 17 cases of plague with 17 deaths. 

With a population in 1904 of 82,165,000, there 
were approximately 100,000 cases of typhoid 
fever with 26,400 deaths; about 90,000 cases of 
malaria with 3,500 deaths; close to 300,000 new 
cases of tuberculosis with 167,000 deaths; and 
25,106 cases of smallpox with 1,118 deaths. The 
registration areas at that time comprised only 17 
states plus a few cities outside such states. 

In 1958, with the population of the country 
practically doubled, there were reported 1,042 
cases of typhoid fever with 23 deaths; 85 cases of 
malaria with 6 deaths; 63,000 new cases of tu- 
berculosis with 12,361 deaths; and no cases of 
smallpox. 

Between 1900 and 1955, the mortality rate per 
100,000 from infectious diseases was reduced from 
115.9 to 0.4 and the mortality rate per thousand 
in children under 5 years of age from 19.8 to 
1.1.1 

By the time of the birth of the Tropical Medi- 
cine Society, the great 19th century discoveries in 
bacteriology and parasitology were beginning to 
pay dividends. The etiology of many infectious 
diseases was now clear and the science of public 
health was being born. Central water and sewage 
systems were coming into being in our cities and 
even in some of our smaller towns. The way was 
paved for the control of many of the principal 
bacterial, viral and parasitic diseases which 
accounted for the highest morbidity and mor- 
tality. 


LAYING THE FOUNDATIONS 


The Spanish American War served as a great 
impetus to tropical medicine in the United States. 
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This represented the first major foray of our 
armed forces into tropical areas. The Navy’s 
disease record was excellent but the Army was 
faced with greater sanitary difficulties. During 4 
months of the summer of 1898, 67 of its officers 
and 1,872 of its enlisted men died of disease out 
of an average total strength of 227,494.? The dis- 
ease ridden camps at Tampa and in Cuba were 
described vividly by war correspondents not 
lacking in imagination. 

With the Treaty of Paris, the United States 
became a colonial power, even though one of 
small dimensions. If the Medical Department of 
the Army was in any way at fault for the disease 
losses of the war, itsoon retrieved itself brilliantly. 
The Yellow Fever Commission under Walter 
Reed solved the age old problem of yellow fever 
transmission. Gorgas, Carter and LePrince 
cleaned up Havana and other Cuban cities and 
obtained the knowledge and experience which 
was to stand them in such good stead in Panama. 
Bailey K. Ashford recognized hookworm disease 


in Puerto Rico and laid the foundations for the ~ 


School of Tropical Medicine at San Juan which 
later was to provide research facilities for many 
American and Puerto Rican workers. In the 
Philippines, the Bureau of Government Labora- 
tories was organized in 1901. In 1905, the name 
was changed to the Bureau of Science. This 
institution, now known as the Institute of Science 
and Technology, has contributed magnificently 
to tropical medicine research. Among the great 
names associated with the early investigations 
were the Americans Strong, Walker, Sellers, 
Haughwout, Siler, Craig, Vedder, Simmons, St. 
John, Kelser and Reynolds, and the Filipinos 
Tubangui, Manalang, and others. 

The Rockefeller Sanitary Commission which 
had made such great strides in the control of 
hookworm disease in our Southern States gave 
way to the International Health Board in 1913. 
Under this banner, the research and preventive 
medicine programs sponsored by the Rockefeller 
Foundation practically girdled the tropical world. 
The hookworm campaign alone extended to 52 
countries in 6 continents and to 29 islands of the 
seas. 

The establishment of the Peking Union Medi- 
cal College in 1915 under the aegis of the China 
Medical Board was followed by a notable list of 
researches in tropical medicine by American 
members of the faculty. These men included 
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Loucks, Meleney, Young, Faust, Kessel, the 
Hertigs and others. In the meantime in China, 
medical missionaries such as Barlow and Wassell 
carried forward the research tradition and made 
substantial contributions. 

The School of Tropical Medicine at Harvard 
was founded in 1913 under Richard Pearson 
Strong. Strong was a firm believer in the value of 
field research and the many tropical expeditions 
headed by him and Shattuck provided unusual 
opportunities for junior associates and brought 
widespread recognition to the school. Later the 
School of Hygiene and Public Health came into 
being at The Johns Hopkins University, and 
Cort, Hegner and Root led study groups to many 
parts of the tropics. In 1929, the Gorgas Memo- 
rial Laboratory began operations under Herbert 
Clark. 

Thus the first three decades following the 
Spanish American War witnessed the flowering of 
tropical medicine in the United States. “Adven- 
ture beaconed through the summer gloaming”’ 
and those who heeded the call blazed trails 


through many a far land. When these Argonauts 
of Science came homing to take up anew their 
laboratory research, they did so with intimate 


knowledge of the conditions they were studying. 


CHANGING TIMES—CHANGING PATTERNS 


Unlike the Spanish American War, the re- 
surgence of interest in tropical diseases inspired 
of necessity during World War II was of short 
duratior. By 1953, this Society was considering 
ways and means of impressing on government 
officials and others the importance of tropical 
medicine in relation to our national economy and 
our international obligations. 

Fortunately the Army and Navy were able 
precariously to salvage a few remnants from 
World War II activities in the field. The Navy’s 
research units at Cairo and Taipeh have con- 
tributed notably to progress in tropical medicine, 
as have the Army’s 406 Medical General Lab- 
oratory in Japan, its Tropical Research Medical 
Laboratory at San Juan and its research unit at 
Kuala Lumpur. The Rockefeller Foundation has 
continued its interest in arbor virus research. In 
the meantime, the Liberian Institute for Tropical 
Medicine has been established. The National 
Institutes of Health have finally gained a re- 
search foothold in the tropics in the shape of the 
Middle America Research Unit in the Canal 
Zone, operated in co-operation with the Army. 





PRESIDENTIAL ADDRESS 


Many foreign programs have encountered 
staffing difficulties. There has seemed to be a lack 
of interest on the part of American workers in 
overseas assignments. The situation is reflected 
in the record of fellowships and research grants 
in this country during the 5-year period 
1954-1958 inclusive. Of 2,545 medical fellowships 
granted by government and private agencies to 
United States citizens, only 172 were in tropical 
medicine. Of these, 104 were in the Louisiana 
State University program in San Juan or San 
Jose. The remaining 68 fellowships were taken at 
various places—19 in the United States, 5 in 
England, and 44 in tropical countries. 

During the above-mentioned period 164 grants 
were made for research in tropical medicine by 
government agencies and private foundations in 
this country. Of these grants, 51 were for projects 
to be carried out in whole or in part on foreign 
soil, 7.e., in countries other than the United 
States, the former Territory of Hawaii and the 
Commonwealth of Puerto Rico. In only 20 of 
these grants were American research workers 
represented. 

The unpopularity of overseas posts stems from 
a variety of reasons. For one thing, research in 
tropical medicine is now more highly specialized 
than in the developmental era. An analysis of 
research grants would indicate that the majority 
of the work represented is basic in character. The 
interests of specialists are not sufficiently broad 
to lure them from the cozy comfort of their highly 
instrumented laboratories to overseas institu- 
tions not so elaborately equipped. 

In many instances funds for travel and main- 
tenance in foreign assignments are not adequate. 
The individual is frequently required to assume 
unusual and unanticipated expenses for which 
regulations do not permit reimbursement. 

In the past, recruitment of health personnel 
for its medical programs overseas has presented 
a difficult problem for the International Coopera- 
tion Administration. Many of its foreign staff 
have been reserve officers of the Public Health 
Service; some are in the State Department re- 
serve. Unfortunately these people have no assur- 
ance of continuous employment. Many of them 
have made considerable sacrifices in the course 


of their foreign assignments only to find on their 
return home that there is no further need for 
their services. 


If this country is to continue its foreign aid 
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programs which have been in force for so many 
years under different designations, it should de- 
velop a career service. Such a development would 
be instrumental in attracting and retaining better 
trained and better oriented personnel. 

France, faced with this same problem, 
established in 1944 the Office de la Recherche 
Scientifique et Technique Outre-Mer (O.R.S. 
T.O.M.). This organization recruits and trains 
scientific personnel in 21 different disciplines for 
overseas research. The medical science categories 
include entomology and helminthology. After a 
2-year period of training, the candidate is in- 
tegrated into the permanent scientific cadre of 
O.R.S.T.O.M. Overseas pay and allowances vary 
with the post of duty and according to European 
standards are quite generous. Housing is 
furnished for a nominal fee and medical care is 
provided. A foreign tour of duty lasts from 15 
months to 3 years. Between tours the individual 
is permitted a long vacation in France. The ac- 
cepted candidate may rise to the rank of inspector 
general. Retirement with suitable pension comes 
after 25 years of service at ages 57 to 59, depend- 
ing on grade. 

There are many scientific laboratories in the 
tropics which would welcome more American 
visiting scientists. However, instead of encourag- 
ing such activities, government and private 
agencies bring large numbers of foreign health 
workers and scientists to this country. In fact, the 
Jones Committee in its recent report? on “Federal 
Support of Medical Research” has stated: ‘The 
dread diseases know no geographic boundaries 
and the research on these great problems should 
therefore be truly international.” The committee 
recommended that additional support be given 
to foreign scientists and that an international 
medical facility be established at the National 
Institutes of Health. These recommendations are 
commendable. However, they do not represent a 
well rounded program. It would be much more 
rational if the program provided for more foreign 
research opportunities for American workers. An 
adequate comprehension of foreign research needs 
in the “dread diseases’’ can hardly be acquired 
without observing these diseases in their endemic 
areas. 

Spink* has pointed out that the infectious 
diseases will continue to menace the United 
States for some time to come. He believed that 
it is essential for an adequate number of young 





122 


physicians to receive comprehensive training in 
the natural course of infectious diseases. This 
training can best be obtained in the tropics where 
clinical material is available in abundance. In 
this connection, the summer clinical training 
program in tropical medicine for students at 
the College of Medical Evangelists is especially 
noteworthy. 

It must be recognized that after training under 
near ideal conditions in the United States, many 
foreign scientists become discouraged and dis- 
heartened after returning to their homeland where 
facilities are often much more modest. The 
acquisition of knowledge from visiting American 
workers might be of greater benefit in the long 
run without the risk of developing psychological 
handicaps. 


HEALTH NEEDS IN THE TROPICS 


Measurement of health needs in the tropics 
presents a difficult task. It is not possible to 
obtain a true picture of the extent of disease 
because epidemiological services for many parts 
of the area are non-existent or are only poorly 
developed. The reporting of vital statistics from 
these areas is very incomplete. For instance, the 
data relative to infant and neonatal mortality 
are lacking for many countries. Certain of the 
infectious diseases are generally notifiable but a 
large number are not reportable in most coun- 
tries. These include many of the parasitic, 
mycotic, and viral diseases. 

An accurate evaluation 


of the nutritional 


disease problem is almost impossible at this 
time. There is no complete information on com- 
position of diets in various tropical countries 
and no complete coverage of caloric and protein 


intake. Information is especially needed on 
sources of protein. 

Protein malnutrition may not only lead to 
serious disease and death in young children; 
there is evidence that it may also leave sequelae 
which adversely influence health in later life. 
This and other nutritional deficiencies affect both 
physical and mental development. The relation- 
ship between mortality in a given age group and 
malnutrition is invariably complex, because of 
numerous factors other than nutrition which 
influence the health of the individual. Information 
concerning the incidence of malnutrition which 
any available figures can provide cannot be 
regarded as more than suggestive. 
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Health problems in many parts of the tropics 
are intimately linked with other factors. These 
factors are multiple and it is difficult to assess 
their influence on disease per se. Such factors 
include social mores, native cultures, religion, 
education, food production and distribution, 
transportation facilities, sources of energy, 
general economic levels, and others. All of these 
are more or less intertwined with disease prob- 
lems. 

In the lesser developed areas, the illiteracy 
rate is 65 per cent in contradistinction to only 5 
per cent in the more developed areas of the world. 
There are only 75 miles of road per 1,000 square 
miles of area in the tropics as against 1,000 
miles in the same area in developed countries. 
Gross national product per capita in dollar 
equivalents runs about $120 for the tropics 
whereas it is approximately $1,400 for Western 
Europe and the United States and Canada. 

There are other indices which point up striking 
differences. For instance with 43.0 per cent of 
the world’s population in 1957 tropical countries 
produced only 29.86 per cent of the world’s 
electric energy, had only 12.15 per cent of world 
railway traffic, and possessed only 9.4 per cent of 
the world’s automotive vehicles.® 

Even though it is not possible to portray the 
true extent of disease in the tropics, there are 
certain criteria which give some inkling of the 
seriousness of public health problems in this 
part of the world. Three of these indices com- 
prise infant mortality, proportionate mortality 
(the percentage of deaths under 5 years of age), 
and life expectancy at birth. These indices in 
the tropics may be compared with similar ones 
in the United States and certain northern 
European countries.’ 

The highest infant mortality rates per 1,000 
births occur in Africa, followed by Asia, South 
America, Oceania, Central America and the 
Caribbean area. In only two countries in this 
vast area is the reported rate lower than that of 
26.3 in the United States; these countries are 
Lebanon with a rate of 12.1 and Guam with a 
rate of 24.0. 

In the case of proportionate mortality, the 
rate is again highest in Africa (64.0) followed by 
slightly lower rates in Asia, the Caribbean area, 
Central America, and South America in that 
order. In no tropical country does the rate 
paraliel that for the United States (8.0). Even 
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lower rates are found in northern European 
countries, such as Sweden with 3.3. 

In the United States, life expectancy at birth 
was 69.6 years in 1956. In no tropical country 
is the average life span as high; in most, it is 
much lower. 

The remarkably high mortality rates among 
infants in the tropics are associated mainly with 
infectious and nutritional disorders. The in- 
fectious diseases are the chief cause of general 
mortality. Among 20 countries in the Americas, 
they are the main cause of death in 16.8 


RESOURCES AVAILABLE FOR HEALTH 
NEEDS IN THE TROPICS 


It is obvious that health needs in the tropics 
are not being met and that resources must be 
grossly inadequate. It may be questionable of 
course whether health needs in any community 
are ever entirely satisfied. However, in the case 
of the underprivileged countries, we have certain 
criteria which indicate the wide gap which 
exists between needs and resources.® 

For instance, there are in the United States 
756 persons per physician. For Africa, the figure 
is 9,000; for South Central and Southeast Asia 
7,000; for the Near East 5,000; for Oceania 
3,800; and for tropical America 1,900. 

In the case of graduate, registered nurses, 
there was in the United States in 1958 one 
employed nurse for each 353 inhabitants. For 
1957, the following are the figures for the number 
of persons per nurse in various tropical areas: 
Near East 12,100; South Central and Southeast 
Asia 11,700; Africa 4,900; tropical America 
3,800; and Oceania 2,100. 

In the United States, there are 9.01 hospital 
beds per 1,000 population. In South Central and 
Southeast Asia the figure is 0.64; in the Near 
East 1.24; in Africa 1.79; in tropical America 
3.16; and in Oceania 6.01. 

The Federal Government per capita expend- 
iture for health in the United States in the fiscal 
year 1957-58 was $11.60. In 1957 the correspond- 
ing figure for South Central and Southeast Asia 
was $0.83; for Africa $1.21; for the Near East 
$1.66; for tropical America $2.68; and for Oceania 
$4.51. These figures do not include capital 
expenditures. 

These stupendous gaps between health needs 
in the tropics and the resources available to 
meet them can probably not be closed for many 
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years to come. In fact, there is good reason to 
believe that in certain areas the discrepancies 
may become even greater before improvement 
can be expected. At present the independent 
countries of the tropics have a per capita health 
expenditure considerably lower than that of 
countries in which health services are subsidized 
by a metropolitan power. The accentuated 
movement for independence in Africa is bound 
to react adversely, at least for a time, on health 
services. The seventeen newly independent areas 
are not in a position to match services, either in 
terms of money or personnel, with those which 
have been maintained by the metropolitan 
powers. Africa has received more bilateral aid 
per inhabitant than has any other part of the 
globe.° For the period 1954-1956 this aid 
amounted to $7.33 per capita, more than twice 
that of any other continent. Of this $7.33 the 
United States contributed only $0.64; the 


remainder came from European countries. It 
seems extremely doubtful that these countries 
will continue to pour the same amount of funds 
into the newly created African republics. It is 
also doubted that the United States will ever 
make up the deficit, although the International 


Cooperation Administration is inaugurating a 
special Africa program this fiscal year. 

The situation as regards research will probably 
worsen also. Of the approximately half a hundred 
medical research institutions in Africa, nearly 
all are staffed by European scientists. In the 
past there has been a heavy exodus of research 
investigators from areas with a newly won 
independence. Research is inevitably one of the 
first activities to suffer when funds are in- 
adequate. In the long run any lessening of 
research efforts in the tropics will result in 
decreased disease control and lower health 
standards. 

The United States has been generous in its 
support of international health programs. This 
aid takes many forms and comes from many 
government agencies. The Bureau of the Budget 
has calculated that our actual fiscal year 1959 
obligations for such programs amounted to 
154.9 millions of dollars, of which 114.8 millions 
were included in the Mutual Security Program. 


OUR STAKE IN THE TROPICS 


The tropics constitute vast reservoirs of raw 
materials in many of which this country is 
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deficient. The industrial machine of the United 
States would be subjected to heavy strain if the 
steady flow of strategic raw materials from the 
free nations of Africa, Asia and Latin America 
were cut off or seriously reduced. We import 
from these areas 100 per cent of natural rubber, 
tin, industrial diamonds, graphite, abaca, and 
quebracho; 86 per cent of manganese ore; 78 
per cent of bauxite; 60 per cent of cobalt; and 
considerable amounts of chromite, tungsten, 
platinum, mercury and other materials." Of the 
materials needed for one jet plane, we import 92 
per cent of the chromium, 97 per cent of the 
nickel, 76 per cent of the aluminum (bauxite), 
35 per cent of the copper and 88 per cent of the 
cobalt;> most of these come from tropical coun- 
tries. 

It is probable that our dependence on tropical 
areas for raw materials will increase as time goes 
on. The President’s Materials Policy Committee 
headed by William 8. Paley estimated that by 
1975 United States consumption of all raw 
materials will increase by 53 per cent, with in- 
creases in total minerals of 90 per cent, non- 
ferrous metals 85 per cent, mineral fuels 97 per 
cent, and other nonmetallic minerals 133 per 
cent. Most of these materials will have to come 
from the free world outside the continental 
limits of the United States, and a large pro- 
portion of them will be obtained from tropical 
areas. 

Our trade with tropical countries varies from 
year to year. Actually, there has been a per- 
centage decrease during the past 10 years, as 
Europe has increased her industrial capacity. 
For instance, imports from the tropics in 1949 
represented 59 per cent of total imports; in 1953 
they amounted to 51.5 per cent; and in 1959, 
42.1 per cent. Along with declining imports, 
there has been a corresponding decline in exports 
to tropical countries, as European countries have 
taken more of our goods. 

United States private investment abroad is 
increasing year by year. In Latin America alone 
in the last 30 years, it has increased from 3,600 
million dollars to 8,730 million dollars. At the 
end of 1959, total United States investment 
abroad was more than 30,000 million dollars, of 


which 46.22 per cent was in the tropics." The 
returns on this investment are affected by tropical 
diseases just as these diseases add to the cost of 
imports from tropical countries. 
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In one of its special survey reports, the maga- 
zine Business Week estimated that by 1975 
United States investments abroad will amount 
to 75,000 million dollars, of which approxi- 
mately 55,000 million will be invested in Latin 
America, the Middle East and Africa.“ 


THE TROPICAL DISEASE TAX 


Unfortunately, when it comes to the economics 
of tropical disease, we have few factual data upon 
which to draw conclusions. Some of the data are 
no doubt suspect. 

It has been stated that annual expenditures on 
medical services by the Standard-Vacuum Oil 
Company in Indonesia, an amount equivalent 
to 10 per cent of total wages and salaries, have 
paid off in an extremely low “noneffective sick- 
ness rate.’® The figures on absences caused by 
malaria are particularly impressive. In 1940, the 
average absences because of malaria were over 8 
per cent of total employment, while in 1956 the 
figure was down to 0.3 per cent. In addition, a 
well-planned anti-tuberculosis program has 
resulted in a reduction in annual occurrence of 
new cases to a low rate of less than 1 per cent. 
Jonk'* has published an interesting account of the 
medical operations of this same company. 

Since malaria is one of the few tropical diseases 
in which spectacular advances in control have 
been achieved in recent years, it is pertinent to 
estimate savings from such control.!7 Malaria is 
said to have cost Afghanistan 20 million dollars 
per year and Ceylon about 30 millions. In India, 
the disease exacts a toll of about $500 million 
per year, a sum about two and one-half times the 
calculated price of eradication. The annual loss 
from malaria in Mexico is reported to be $174 
million; the estimated cost of eradication is 
approximately 20.5 million dollars. 

Calculated costs of a malaria epidemic in 1953 
in Kao-shu Township in southern Taiwan 
amounted to $29.64 per person, whereas the per 
capita cost of malaria control in Taiwan at that 
time was below $2.28. In Thailand before 1950 
malaria is said to have been responsible for an 
annual loss of 50 million agricultural-worker 
days, an amount of labor sufficient to produce 
150,000 metric tons of milled rice with an export 
value of $15 million. 

Attempts have been made to estimate the 
economic loss due to schistosomiasis in certain 
areas."* The World Health Organization Leyte 
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schistosomiasis project in the Philippines calcu- 
lated the annual wage loss for 125,000 infected 
persons at $1,350,000. The total medical expendi- 
ture for 100,000 persons who showed definite 
symptoms was $5,282,500. In Japan the economic 
loss, plus the cost of treatment for sufferers in 
an area of 90 square miles, was reckoned at $3 
million per year, and the loss for the Island of 
Kyushu at $2,500,000. In Egypt, where the 
disease is hyperendemic, the reduction in total 
economic productivity is estimated to be some 
30 per cent, and the financial loss $57 million 
annually. Medical treatment for 1,700 American 
soldiers infected in Leyte during World War II 
cost $3 million, and it was calculated that 300,000 
working days were lost. In Schistosoma japonicum 
infections the working ability of patients is 
reported to be reduced by 15 to 18 per cent in 
mild cases, by 50 to 57 per cent in moderate 
cases, and by 72 to 80 per cent in severe cases. 

Some of the cost of tropical diseases is passed 
along to the ultimate consumer of the products 
or goods produced. It has been estimated that 
such products are priced at least 5 per cent higher 
than need be if it were not for the cost of malaria.” 
The total value of United States imports from 
malarious areas in 1958 was $2,156,180,500. A 5 
per cent added cost for these imports would 
amount to $107,809,025. Acceptance of figures 
such as these must of course be tempered with 
judgment and reservation. 

Even in the United States, the infectious 
diseases are the cause of considerable loss of 
working time. According to the National Health 
Survey, 237.5 million days were lost from work 
because of respiratory diseases by all people 17 
years of age and over during the year July, 
1957, to June, 1958. At the same time, 24.2 
million days were lost from work because of 
infectious and parasitic diseases. The loss of 
261.7 million work days is equivalent to an 
annual wage loss of 2 billion 617 million dollars.” 
In spite of the magnitude of these figures, losses 
from similar diseases in the less sanitated coun- 
tries would probably be significantly greater. 

It would be much easier to calculate monetary 
losses from animal diseases if reliable data were 
available concerning the extent of such losses. 
However, reporting in this area is even less 
satisfactory than is the reporting of human 
disease. In fact, the Food and Agriculture 
Organization of the United Nations makes no 
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attempt to summarize the number of cases of 
animal disease but issues reports in terms of 
relative prevalence. In Colombia, however, 
official estimates** put the annual economic loss 
from diseases of cattle to be 526,797,300 pesos 
or $210,718,920. In Argentina, a country con- 
tiguous to tropical areas, a survey” has estimated 
the annual losses suffered by the livestock in- 
dustry from brucellosis to be 900 million pesos 
or 50 million dollars and from hydatid disease 
25,500,000 pesos or $1,416,600. 


WEAK POINTS IN OUR PLANNING 


We have seen that this nation has a consider- 
able economic stake in the tropics and will 
probably have increased dependency on this 
part of the world for essential raw materials. 
It is also recognized that the underdeveloped 
countries are politically important to us. 

It would seem that we have failed in some 
respects to prepare ourselves for the responsi- 
bilities which we have assumed in the inter- 
national health field. We have already pointed out 
recruiting difficulties in connection with these 
programs. Other areas point up deficiencies. 

Thurber, Frye and Swartzwelder™ have re- 
cently made a survey of the teaching of tropical 
medicine and parasitology in the United States. 
Only one of the seventy-six medical schools re- 
porting maintained a separate department of 
tropical medicine. There was a greater tendency 
than formerly to integrate courses in tropical 
medicine and parasitology into those of other 
departments so that the disciplines tend to lose 
identity. Teachers of these subjects in approxi- 
mately one-third of the schools lacked any 
experience in the tropics; 56 per cent of them did 
not belong to either the American Society of 
Tropical Medicine and Hygiene or the American 
Society of Parasitologists. These and other facts 
brought out in the survey would tend to indicate 
decreasing emphasis in the teaching of tropical 
medicine and parasitology. The situation with 
regard to tropical experience of faculty members 
would no doubt be less encouraging if it had not 
been for the eminently successful training pro- 
gram of the Louisiana State University in pro- 
viding opportunity for such experience. 

Some of our public and private research grant 
and fellowship programs in tropical medicine 
have not been as productive as one might wish. 
Some provide a picture of many isolated indi- 
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viduals delving into minor problems on the outer 
fringes of tropical medicine. They are in contrast 
to a relatively few outstanding projects exhibiting 
well coordinated research on problems of major 
importance. It is hoped that the newly established 
institutional grant program at the National 
Institutes of Health will stimulate more effective 
research in tropical medicine. 

Perhaps no single area signalizes the lack of 
concern in tropical medicine in this country as 
much as do the various fellowship programs. 
They indicate only a mere trickle of interest. 
There is a bright spot in this picture though— 
‘that is the training programs newly sponsored 
by the National Institutes of Health. These 
provide for a period of instruction to be followed 
by research overseas. 

The World Health Organization is embarking 
this year on a research program in its own 
behalf. The research proposals for the infectious 
and parasitic diseases emphasize vividly the vast 
chasm existing between present knowledge and 
that required for control. WHO will need per- 
sonnel for this program. Such personnel is not 
readily obtainable. This country will in the future 
no doubt be called upon for its share. 


L’ENVOI 

I have endeavored to analyze the position of 
tropical medicine in this country in the light of 
its past history, its present status, and its future 
responsibilities. Undoubtedly its star is rising 
from the low point in 1953. 

The Society and its individual members have 
had a considerable hand in this improved situ- 
ation. Our Public Relations Committee has 
functioned effectively. Our members in profes- 
sional and academic institutions have stimulated 
interest among students and are in a position to 
do even more in this respect. There is much the 
Society can still do. 

Clinical tropical medicine is a dying art in this 
country. One of the reasons for its practical 
demise is the lack of opportunity for clinical 
research. We should have some facility whereby 
young physicians could find support for study at 
recognized clinical centers in the tropics. It is 
hoped that the new training programs at the 
National Institutes of Health will provide such 
opportunities. The Society should give greater 
recognition to workers in this field. The Bailey 
K. Ashford Award has never been bestowed for 
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clinical research. Clinicians should be considered 
for this award. In fact, the Society would be 
justified in setting up a separate award for 
outstanding clinical research. 

Our few foreign research facilities need more 
adequate support. Fortunately the situation of 
the Gorgas Memorial Laboratory has improved 
recently. The Liberian Institute for Tropical 
Medicine has not received the backing which it 
deserves. It is the only research foothold this 
country has in Africa south of the Sahara and 
it is on friendly soil. American investigators have 
not utilized it to advantage. Fortunately, the gap 
has been bridged by some of our distinguished 
colleagues from abroad so that the quality of its 
research has not suffered. It needs support of a 
permanent nature. 

It is hoped that overseas medical research 
laboratories operated by the military will have 
more assurance of permanence than in the past 
and that they may receive the additional en- 
couragement and support which they deserve. 

Our younger workers have failed to take ad- 
vantage of fellowships available for research 
opportunities abroad. This is one of the many 
signs indicating a general lack of interest in the 
field. Our teaching members are in the best 
position to remedy this situation. 

It would be salutary if more research grant 
funds could be channeled into projects more 
closely aligned to the solution of health problems. 
Basic research is needed also to close many 
gaps in our present knowledge. 

These are only a few of the problems which 
should concern us. Our overseas commitments 
are mainly in the medically underdeveloped 
countries of the tropics and contiguous areas. 
Tropical medicine will continue to play a large 
role in our aid programs, probably for many 
years to come. It is hoped that we can meet these 
obligations and those entailed by our dependence 
on tropical areas for our raw materials and our 
export trade. 
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EFFECT OF INTERMITTENT ADMINISTRATION OF A COMBINATION 
OF AMODIAQUIN AND PRIMAQUINE (CAMOPRIM®) ON THE HEMATO- 
CRIT OF PRIMAQUINE-SENSITIVE AND NON-SENSITIVE CHILDREN* 
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While residual insecticides applied to the 
interior surfaces of dwellings have so far been 
the main weapon in mass malaria eradication 
programs, chemotherapeutic agents are and will 
be needed in many areas. Among the reasons 
for this are the development of vector resistance 
to insecticides' and the prohibitive cost of reach- 
ing and spraying houses in vast and inaccessible 
areas. 

An amodiaquin-primaquine combination (Cam- 
oprim®) has been effective in interrupting the 
transmission of malaria both experimentally 
and in field trials. In a controlled study on 18 
adult volunteers to determine the protective 
and curative effects of amodiaquin-primaquine 
against mosquito-borne vivax malaria, Courtney 
and co-workers? demonstrated that this treatment 
provided (1) protection from manifestations of 
the disease, (2) interruption of transmission to 
mosquitoes, and (3) curative effects against 
residual infections. Volunteers were separated 
into three groups, designated A, B and C. Pro- 
tective antimalarial therapy was instituted in 
group A, following which members of each group 
submitted to the bites of infected mosquitoes. 
Within 15 days after exposure, all but one 
volunteer in the unprotected groups B and C 
developed clinical malaria, while all members 
of group A remained healthy. Infections in 
groups B and C were allowed to develop until 
their transmissibility to noninfected mosquitoes 
was demonstrable. The acute clinical attack was 
then terminated in each patient with a dose of 
600 mg of amodiaquin, following which the 
volunteers in groups A and B were given weekly, 
for 10 consecutive weeks, 2 tablets of amodiaquin- 
primaquine. Each member of group C was given 
2 tablets of the combined drugs fortnightly for 
10 consecutive doses. All volunteers were chal- 
lenged 36 and 72 hours following the initial dose 
of antimalarial therapy by being exposed to the 

* Read at the annual meeting of the American 


Society of Tropical Medicine and Hygiene, 
Indianapolis, Indiana, 1959. 


bites of clean mosquitoes, but in no instance was 
transmission accomplished. A follow-up period 
of 6 months with weekly blood smears on these 
volunteers failed to show any evidence of malaria. 
It was felt by the author that the combined 
drugs might well be used in malaria eradication 
programs as well as in the attainment of radical 
cure in individual cases. 

Walker*® administered the combined drugs to 
114 children. Children from infancy to preschool 
age received one to three treatments with 100 
to 200 mg amodiaquin and 15 to 30 mg prima- 
quine. Dosages were repeated at monthly in- 
tervals for 1 to 3 months. At the height of the 
malaria season, of the 83 children who had 
received two or three doses, none showed fal- 
ciparum parasites and only 15% showed vivax. 
Of 31 untreated children, 19.7% showed fal- 
ciparum and 41.9% vivax parasites. Mitra and 
Chaudhuri‘ gave amodiaquin with primaquine 
every 2nd week for 3 months to 200 inhabitants 
of a village near Calcutta during the height of 
the malaria season. The incidence of infection 
was reduced from 3% to 0. In comparison, an 
untreated but otherwise similar village ex- 
perienced an increase in the incidence of infection 
from 4.1% to 8.9% during the same period. 
Halawani and Shawarby® administered the 
combination four times at 15-day intervals be- 
tween January and March, 1955, to all of the 
982 inhabitants of Harra, an isolated oasis 
community. The incidence of malaria decreased 
from 9.7% to 1.7% in this period. For com- 
parison, two similar oases, Bawaiti and Qasr, 
with a combined population of 5,566 were kept 
as a control. The incidence in the untreated 
inhabitants rose from 5.9% in the previous year 
to 8.6%. At Harra, the incidence rose again in 
September and October, the peak months, to 
4%, but 2 months of further treatment reduced 
this to 0.9%. 

The main objection to the use of a combination 
of drugs containing primaquine for mass chemo- 
therapy is the increased rate of hemolysis in 
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primaquine-sensitive individuals. This hemolysis 
is self-limiting, in that only older red cells are 
affected. Erythrocytes less than 60 days old 
are relatively resistant. Once these older cells 
have been destroyed the hematocrit returns to 
pre-treatment levels spontaneously, despite con- 
tinued administration of primaquine. Further 
hemolysis does not occur until the blood again 
contains substantial numbers of older cells. 
However, it is most marked following continuous 
daily administration and is greatly reduced in 
adults by intermittent, weekly dosage. 

Sensitivity is associated with a deficiency of a 
cell enzyme, glucose-6-phosphate dehydrogenase, 
and as might be expected, primaquine-sensitive 
individuals show reactions to other substances, 
including sulfanilamide, phenacetin, nitrofuran- 
toin, vitamin K, and fava beans. The affected 
individual may be recognized by the appearance 
of Heinz bodies (denatured protein particles) 
following incubation of the blood with a variety 
of compounds, by the glutathione stability test, 
by an assay of glucose-6-phosphate dehydro- 
genase and by other procedures. Sensitivity has 
been most frequently described in the American 
Negro and, much more rarely, in widespread 
racial and ethnic groups. These include the 
African,’° Sephardic but not Ashkenazic Jews,” 
Chinese” and Italians." 

The objectives of this study were (1) to measure 
the change in the hematocrit of 11 children 
known to be primaquine-sensitive during and 
following the weekly, intermittent administration 
of amodiaquin and primaquine, at dosage levels 
of approximately 0.3 and 0.5 mg of primaquine 
per pound of body weight; (2) to give the 
amodiaquin-primaquine combination to a larger 
group of children under more carefully con- 
trolled conditions than is possible in field trials 
in Africa; and (3) to determine the effect of the 
combination on the hemoglobin level of a large 
unselected group of African children. 

Although primaquine has been previously 
administered to children, detailed records are not 
available and, in particular, hematological 
studies on primaquine-sensitive, Negro children 
have not been recorded in the literature. In 
making recommendations regarding drug dosage 
in children, one special aspect requires attention. 
If the drug is to be administered in tablet form 
a dosage recommendation should not be given 
as a fixed number of milligrams per pound of 
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body weight, but as a range between an upper 
and lower limit (Figure 1). Tablets are not a 
flexible dosage form and division other than 
halving a grooved tablet is not accurate. 


MATERIALS AND METHODS 


The preparation used in this study was the 
Camoprim® Infatab®, a grooved tablet specially 
designed for children, containing 75 mg of 
amodiaquin (Camoquin®) and 15 mg of 
primaquine. 

Three groups of children, (A) primaquine- 
sensitive, (B) non-sensitive Caucasian and 
Negro and (C) African of unknown sensitivity, 
were included in this study. They will be con- 
sidered separately: 

(A) Primaquine-sensitive children. One hundred 
and fifty Negro children and adolescents from 
an institution in the United States were tested 
for primaquine sensitivity by an assay of glucose- 
6-phosphate dehydrogenase and by the glu- 
tathione stability test. Eleven were shown to 
be sensitive by these tests and this finding was 
subsequently confirmed by the administration 
of primaquine. Seven were considered to be 
hemizygous males, two homozygous females and 
two heterozygous females. 

The amodiaquin-primaquine tablets were 
administered to the same 11 subjects once 
weekly, for at least 5 weeks, in two separate 
studies in 1958 and 1959. One year was allowed 
to elapse to make certain that the erythrocyte 
age distribution had returned to normal. 

In 1958 the mean weekly dose of primaquine 
was 0.29 mg per pound of body weight. The 
exact quantity varied slightly for each individual 
child as precise dosage cannot be achieved when 
tablet administration is employed. The individual 
doses were approximately 0.2 mg per pound of 
body weight to 7 children, 0.3 mg to 2, 0.4 mg 
to 1, and 0.5 mg to 1. Weekly doses were con- 
tinued for 8 weeks. Following this, daily medica- 
tion was given for 7 consecutive days to five of 
the children to determine the effects of continuous 
medication after the dangers of rapid hemolysis 
had been minimized by intermittent therapy. 
Permission for daily administration to the remain- 
ing six children was refused. 

In 1959 the mean weekly dosage of primaquine 
in the combination was 0.45 mg per pound of 
body weight and the drug was continued for 5 
weeks only, since the 1958 trial had shown that 
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Fia. 1. Suggested dosage of amodiaquin-primaquine tablets and its relationship to a body weight dos- 


age of 0.25 and 0.5 mg/Ilb of primaquine. 


the greatest effect on the hematocrit level oc- 
curred in the first 3 weeks, and that by the 5th 
week the hematocrit had substantially returned 
to pre-treatment levels. The individual doses of 
primaquine the second trial were ap- 
proximately 0.4 mg per pound of body weight 
in four children and 0.5 mg per pound of body 
weight in seven. 

The hematocrit and reticulocyte count were 
recorded three times before drug administration 
was started, and on the 3rd, 5th and 8th days af- 
ter. Additional hematocrit and reticulocyte esti- 
mations were made on the intervening days for 
the first 5 weeks of the 1958 study as the extent 
of the hemolysis could not then be foreseen. 
This was later considered unnecessary. During 
the period of seven consecutive daily doses, 
determinations were made every day. 

(B) Non-sensitive Caucasian and Negro children. 
Amodiaquin-primaquine tablets were given to 
64 Caucasian and 28 Negro children, selected at 
random from non-sensitive children in an institu- 
tion in the United States. They were given 
between 0.3 and 0.5 mg of primaquine per pound 
of body weight once weekly for 5 weeks. Hemato- 
crit determinations were made once weekly, 
unless more frequent examination was con- 
sidered necessary by the supervising physician. 

(C) African children. Altogether 235 African 
children in East Africa and in the Congo Republic 
were given amodiaquin-primaquine tablets 
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weekly for 5 weeks. Dosage was in accordance 
with Figure 1. The ages of the children ranged 
from 6 months to 12 years, with 101 under the 
age of 2 years and 103 between 2 and 6. The 
mean hemoglobin for the 235 children was 
71% (Haldane). 


RESULTS 


(A) Primaquine-sensitive children. Changes in 
the hematocrit for the 11 children given inter- 
mittent weekly therapy are shown in Tables 1 
and 2. With the lower dose of primaquine em- 
ployed in the 1958 study, the lowest mean 
hematocrit was reached on the 17th day, when 
it was 3.5% below the pre-treatment level. 
With the higher dose in 1959, the lowest mean 
hematocrit was recorded on the 12th day, when 
it had fallen by 4.2%. 

Figure 2 shows in graph form the variation 
in the hematocrit following administration of 
0.25 and 0.5 mg primaquine per pound of body 
weight. This patient was a homozygous female 
and showed the most marked fall in the hemato- 
crit (from 34 to 26 on the 3rd day of the 1959 
trial). 

The changes in both the mean and the in- 
dividual hematocrit estimations following inter- 
mittent weekly dosage may be compared with 
those found following 1 week of continuous 
daily dosage. All individuals showed a more 
marked change on continuous daily than on 
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TABLE 1 
Change in the hematocrit of 11 primaquine-sensitive children following a mean dose of 0.29 mg/lb 


primaquine (1958 trial) 
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TABLE 2 


Change in the hematocrit of 11 primaquine-sensitive children following a mean dose of 0.45 mg/lb 
primaquine (1959 trial) 
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intermittent weekly drug administration, despite 
the fact that the more susceptible red cells had 
presumably been destroyed during the previous 
10 weeks of intermittent therapy. The most 
marked change in the mean hematocrit was 
a fall of 6.6% on the 6th day of daily administra- 
tion (Table 3). The effect of continuous daily 
primaquine in the individual patient can also 
be seen in Figure 2. 


(B) Non-sensitive Caucasian and Negro children. 
The mean hematocrit did not fluctuate beyond 
expected normal variation and the range of 
laboratory error. 

(C) African children. The mean hemoglobin 
level of the 235 African children went up during 
weekly administration of amodiaquin-prima- 
quine. The mean changes for the 5 weeks were: 
ist week, plus 2.4%; 2nd week, plus 1.8%; 3rd 
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Fia. 2. Variation in the hematocrit of homozygous primaquine-sensitive female during intermittent 
weekly and continuous daily administration of amodiaquin-primaquine combination. 


TABLE 3 


Effect of daily amodiaquin-primaquine dosage containing 0.22 mg/lb primaquine on hematocrit o 
y q P q g g ‘ P q 
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week, plus 3.3%; 4th week, plus 2.9%; and 5th 
week, plus 1.9%. No child showed a marked 
fall in hemoglobin level. Of over a thousand 
hemoglobin estimations made subsequent to the 
administration of the drug 862 were within 
plus or minus 5% of the initial reading, 125 
were between plus 5 and plus 12%, and 32 were 
between minus 5 and minus 10. 


DISCUSSION 

The most unexpected finding to be reported 
in this study is that the hemoglobin level in 
African children rose during administration of 
the amodiaquin-primaquine combination. This 
occurred both in those treated in East Africa 
and those treated in the Congo Republic. No 
explanation can be given for this other than 
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that it may have been due to control of malarial 
infection, or to a non-specific action of one or 
both of the drugs employed. 

It had been anticipated that some of the 
unselected African children (group C) would be 
primaquine-sensitive and show a falling hemo- 
globin, indicative of hemolysis. This did not 
occur, possibly either because of the degree of 
anemia present prior to drug administration or 
increased hemopoiesis compensating for any 
hemolysis. The mean initial hemoglobin was 71% 
(Haldane) and it is possible that this degree of 
anemia might indicate an absence of older red 
cells, thus precluding the increased rate of 
hemolysis normally produced by primaquine 
in sensitive individuals with normal blood para- 
meters. It may be, however, that the African 
Negro differs genetically, or otherwise, from the 
American Negro, so that primaquine-sensitive 
reactions are less common. 

The fall in the mean and individual hematocrit 
in the 11 primaquine-sensitive children following 
weekly administration was less than that pro- 
duced in 5 of these children who subsequently 
received amodiaquin-primaquine daily. This 
latter finding is of particular interest, coming 
as it does after 8 weekly doses of the amodiaquin- 
primaquine combination, which had produced a 
degree of hemolysis presumably protective 
against further erythrocyte destruction. It there- 
fore appears that continuous daily administra- 
tion will destroy many more red cells than does 
a weekly regimen and produces its effect over a 
much shorter period. It is felt that the degree of 
hemolysis produced by intermittent weekly 
administration of primaquine to children most 
susceptible to the drug, 7.e., sensitive individuals 
with normal blood parameters, was not sufficient 
to be of importance except should severe shock 
or renal insufficiency be present. 


SUMMARY 


A combination of amodiaquin-primaquine in 
tablet form was administered in weekly doses, 
containing 0.3 to 0.5 mg of primaquine, to 11 
primaquine-sensitive children, 92 non-sensitive 
children and 235 African children. 

The fall in the mean and individual hemato- 
crit in primaquine-sensitive children without 
anemia on intermittent, weekly medication with 
doses containing 0.29 and 0.45 mg of primaquine 
per pound of body weight was less than that 
shown on 7 days of continuous daily dosage of 
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0.29 mg per pound, despite the fact that daily 
administration was employed when many of the 
mature red cells had presumably been destroyed 
by the previous intermittent, weekly regimen. 
The fall in the hematocrit at the 0.45 mg per 
pound weekly dosage level occurred earlier and 
was more marked than at 0.29 mg. The fall in 
the mean hematocrit at the 0.45 mg dosage was 
greatest on the 12th day after the first dose, 
reaching 4.2%. It is felt that this degree of 
hemolysis is not sufficient to be dangerous 
except where severe renal insufficiency is present. 

In 235 African children given weekly doses 
containing between 0.3 and 0.5 mg of primaquine 
per pound of body weight, no hemolysis was 
demonstrable by weekly hemoglobin estimations. 
The average hemoglobin reading for the 235 
children rose and remained above the initial 
level during all 5 weeks of the study. 

The combination of amodiaquin and prima- 
quine was well tolerated and readily accepted by 
the children. 


ACKNOWLEDGMENTS 


The authors wish to express their gratitude to 
Drs. A. S. Alving and Robert Kellermeyer of the 


Army Medical Research Center, Joliet, Illinois, 
for their assistance in testing for primaquine 
sensitivity and for their advice and en- 
couragement. 


REFERENCES 


. Brown, A. W. A., 1958. Insecticide Resistance 
in Arthropods. World Health Organization 
Monograph, Geneva. 

. Courtney, K. O., Hopexinson, R., RAMsEy, 
R., AND Haacerty, M., 1960. A combina- 
tion of amodiaquin and primaquine (Ca- 
moprim) in the prevention and cure of 
sporozoite-induced Chesson strain vivax 
malaria. Am. J. Trop. Med. & Hyg., 9: 
149-154. 

. WALKER, A. J., 1955. Potentialities of monthly 
doses of Camoquin plus a gametocidal drug 
in malaria control. Tr. Roy. Soc. Trop. 
Med. & Hyg., 49: 351-355. 

. Mirra, P., anp CHaupHurI, R. N., 1955. 
Combined Camoquin and primaquine in 
the prophylaxis of malaria. Bull. Calcutta 
Sch. Trop. Med., 3: 46-47. 

. Hatawant, A., AND SHawarsy, A. A., 1957. 
Malaria in Egypt; history, epidemiology, 
control and treatment. J. Egypt. M 
40: 753-792. 

. Dern, R. J., Beutier, E., anp Atvina, A. S., 
1954. The hemolytic effect. of primaquine. 
II. The natural course of the hemolytic 
anemia and the mechanism of its self- 
limited character. J. Lab. & Clin. Med., 


44: 171-176 
. Henperson, L. H., 1934. Prophylaxis of 


”? 





HODGKINSON, COURTNEY AND HAGGERTY 


malaria in the Sudan with special reference ing the administration of plasmoquine. 
to the use of plasmoquine. Tr. Roy. Soc. Tr. Roy. Soc. Trop. Med. & Hyg., $7: 151- 
Trop. Med. & Hyg., 28: 157-164. 155. 

8. Rice, J. B., 1932. Experiments on plasmoquine . SzernBperG, A., SHesa, C., anp ApaM, A., 
as a prophylactic among West African 1958. Enzymatic abnormality in erythro- 
Negroes exposed to bites of A. costalis cytes of a population sensitive to Vicia 
infected with subtertian maiaria. Ann. faba or haemolytic anemia induced by 
Trop. Med. & Parasitol., 26: 555-576. drugs. Nature, 181: 1256. 

9. Smita, S., 1943. Note regarding hemoglo- 2. Rosxortt, E. R. A. L., anp Seno, R., 1928. 
binuria following the administration of Ervaringen met Plasmochin. Geneesk. ti- 
Plasmochin. 7'r. Roy. Soc. Trop. Med. & jdschr. Nederl.-Indié, 68: 80-98. 

Hyg., 37: 155-156. 3. SANSONE, O., AND Seen, O., 1957. Sensitivity 

10. Mann, W. N., 1943. Haemoglobinuria follow- to broad beans. Lancet, 2: 295. 





RESISTANCE OF PLASMODIUM FALCIPARUM TO PYRIMETHAMINE 
AND PROGUANIL IN NETHERLANDS NEW GUINEA 


J. H. E. T. MEUWISSEN 


Department of Public Health, Division of Malariology, Hollandia, Netherlands New Guinea 


With the assistance of the World Health 
Organization (WHO) and the United Nations 
International Children’s Emergency Fund 
(UNICEF), a pilot project with pyri- 
methaminized salt was initiated in 1959 in a 
number of areas in Netherlands New Guinea. 
Previous experience in similar areas with holo- 
endemic malaria had indicated that an anti- 
malarial campaign along traditional lines would 
not be successful. 

Within a few months, Plasmodium falciparum 
exhibited resistance to pyrimethamine. As the 
pilot project itself will later be discussed at 
greater length, this article will be confined as 
much as possible to observations on pyrimeth- 
amine resistance. Thus far, there have been no 
other reports of pyrimethamine resistance in the 
Western Pacific region. 

One of the four pilot areas is that of Arso, 
southeast of Hollandia and bordering on the 
Territory of Papua and New Guinea. It covers 
some 550 square miles of swampland bounded on 
the south by a crescent-shaped hill formation. 
This area is populated by only 1,450 inhabitants 
of 21 villages, the largest of which has a popula- 
tion of 150. Housing is poor, and the villagers 
often spend the night in huts in their gardens 
or live a semi-nomadic life in the forest for a few 
months every year. 

Malaria in this area is holoendemic, according 
to the classification of Metselaar and van Thiel.! 
Indoor spraying is not suitable for this area in 
its present stage of development. As walking 
is the only means of transportation in this 
extensive and sparsely populated region, such a 
campaign would be very uneconomical; more- 
over, the living habits of the people would hinder 
the success of this type of campaign. For the 
same reasons, mass drug treatment at regular 
intervals would be impracticable. 


MATERIALS AND METHODS 


A salt containing 70 mg % of pyrirnethamine, 
prepared in the Netherlands, was distributed 
every 2 weeks among families by local village 
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teachers. Adults received a daily ration of 5 
grams of salt and persons under the age of 18 
were given half this quantity; this amount 
provided approximately 25 mg of pyrimethamine 
per adult person per week. 

Because of the lack of commercial supplies, 
the salt distributed was the only salt available. 
Before this project was started, the sodium 
chloride requirement was filled by a number of 
brackish water wells. The pyrimethaminized 
salt was eagerly accepted by the villagers, who 
used it in the preparation of vegetables and 
meat. 

The salt was first distributed in November, 
1959. In 1958 basic malariological data were 
collected by conducting spleen and blood ex- 
aminations in all the villages. In view of relevant 
information from the literature,** the pos- 
sibility of resistance to pyrimethamine had to 
be taken into account, even though, at that 
time, no reports on the subject had been received 
from the West Pacific region. For this reason, 
a pyrimethamine sensitivity test was made 
before the project was initiated in order to 
determine the degree to which the malaria 
parasites present were sensitive to pyrimeth- 
amine. Thus, on the basis of a decrease in sen- 
sitivity to pyrimethamine, it would be possible 
to detect early in the campaign any indication 
of resistance. 

Pyrimethamine sensitivity in June, 1959, and 
in March, 1960, was determined as follows. In 
the two central villages, Arso I and Arso II, 
blood samples were examined and the parasite 
carriers, who numbered 69 and 48, respectively, 
were given the following daily doses of pyri- 
methamine on the Ist, 5th, and 10th days after 
the test: those less than 1 year old, 12.5 mg; 1 
to 3 years old, 18.75 mg; 4 to 11 years old, 25 
mg; 12 to 18 years old, 37.5 mg; and those over 
18 years, 50 mg. Parasite carriers were subjected 
to a daily blood test; those whose tests were 
negative 3 times in succession were considered 
to remain negative for the rest of the testing 
period. 
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The outcome of this test in Arso, and of another 
one conducted in an adjoining experimental 
area, stressed the necessity of being on the alert 
for P. falciparum resistance to pyrimethamine. 
Especially in the younger age groups there 
appeared to be parasitemias which reacted only 
moderately to the pyrimethamine therapy. For 
this reason, it was decided to have the pyri- 
methaminized salt distribution in two of the 
four test areas preceded by a single distribution 
of 4-aminoquinoline, to see if this method might 
check the development of resistance. 

In the Arso test area, 96% of the population 
took these tablets at the time of the first salt 
distribution. The dose totaled 450 mg of chlo- 
roquine base, which amount, in Netherlands 
New Guinea where the natives are on the average 
of low stature, has proved capable of ridding 
the blood of parasites within 48 hours. (A larger 
dose will in a great number of cases cause nausea 
and vomiting.) 

The effect of the distribution of medicated 
salt was evaluated by means of random surveys 
every 3 months. It was impossible to determine 
whether the salt was actually consumed, as it was 
impracticable under field conditions to check 
for the presence of pyrimethamine in urine, 
blood or mother’s milk. Consequently, supervi- 
sion was confined to administrative control, 1.e., 
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checking whether or not each family turned up 
regularly to receive its salt ration. 

After the presence of pyrimethamine-resistant 
strains of P. falciparum was demonstrated in 
March, 1960, a test was made in June, 1960, to 
determine the degree of resistance and to see if 
cross-resistance to proguanil (Paludrine®) had 
developed. 


RESULTS 


In September, 1958, the parasite index in the 
Arso area was 58%. Allowance being made for 
mixed infections, the following differentiation 
was obtained: P. falciparum trophozoites were 
found in the blood of 31% of the population, 
P. vivax parasites in 22%, and P. malariae para- 
sites in 19%. (As pyrimethamine affects the 
asexual falciparum forms exclusively, only the 
trophozoite indices are given.) 

In February, 1960, 3 months after the com- 
mencement of the project, the indices had 
decreased to the following: parasite index, 20%; 
P. falciparum trophozoite rate, 12%; P. vivax 
parasite rate, 2%; and P. malariae parasite 
rate, 0.2% 

In May, 1960, 6 months after the project had 
started, these indices were, respectively, 22, 17, 
2 and 0%. (Three per cent of the population was 
infected with P. falciparum gametocytes only.) 


TABLE 1 
Malaria parasite rates and Plasmodium falciparum trophozoite rates in the Arso district (population, 
1,450) before, 3 months after and 6 months after a pyrimethaminized salt project was started 


tn November, 1959 





September 1958 


February 1960 | May 1960 





Age in years | 
Number Parasite fal 


P. 
, ciparum | 
examined rate rate® 


| 
. ‘ P 

| Number Parasite | ae 

examined | rate — 


P. | 
falciparum 
rate* | | 


Parasite 
| rate 





51 80 45 
71 
62 
61 
44 
30 


16 2 | 6&0 

i 
27 
86 
93 
56 
48 
95 





me wo mh OD 
Awanoaresss 





8 








DRUG RESISTANT P. FALCIPARUM 


Table 1 and Figures 1 and 2 show the parasite 
indices and the P. falciparum trophozoite rates 
for the various age groups. 

The shift in proportional rates of P. falciparum 
on the one hand and of P. vivax and P. malariae 
on the other hand within the first 3 months of 
the project was indicative of a lower sensitivity 
of P. falciparum to pyrimethamine. For this 
reason, the pyrimethamine sensitivity test was 
repeated in the two centrally situated Arso 
villages in March, 1960. For comparing the 
results, determination of the P. falciparum indices 
was adequate, as examinations revealed no P. 
vivax or P. malariae cases among the population. 
With the first pyrimethamine sensitivity test, 
the pyrimethamine had completely eliminated 
these two parasites from the blood within 4 and 
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Fic. 1. Parasite rates of different age groups in 
the Arso district before, 3 months after, and 
6 months after the beginning of a pyrimethamin- 
ized salt project. 
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Fic. 2. Plasmodium falciparum trophozoite 
rates of different age groups in the Arso district 
before, 3 months after, and 6 months after the 
beginning of a pyrimethaminized salt project. 


TABLE 2 
Plasmodium falciparum trophozoite rates observed 
in August, 1959, and March, 1960, among carriers 
in Arso I and Arso II medicated with pyri- 
methamine on days 1, & and 10 and ez- 
amined at the beginning and on alter- 
nate days through the 11th day 





P. falciparum trophozoite 
rate (%) on day 
Date of test 








August 1959...| 
March 1960. . .| 





9 days, respectively. Whereas in August, 1959, 
there was a prompt and sharp reduction in the 
trophozoite rate among P. falciparum carriers 
given intensive treatment with pyrimethamine, 
6 months later the same form of treatment was 
relatively ineffective (Table 2). 

As the age distribution of parasite carriers was 
unbalanced (all those who happened to be found 
positive at the time of the examinations of the 
population were included in the tests), tabulation 
by age groups presents another picture of the 
decrease in the number of P. falciparum tro- 
phozoite carriers (Table 3). Whereas in August, 
1959, none of the 16 children in the 1 to 3 age 
group were still positive 11 days after they had 
been subjected to treatment with pyrimethamine, 
in March, 1960, 13 (65%) of 20 children were 
still infected with P. falciparum. This indicates a 
decreased sensitivity of P. falciparum to pyri- 
methamine in the course of the 4 months during 
which pyrimethaminized salt was distributed. 

In conjunction with this finding, in June, 
1960, a test of P. falciparum resistance to pyri- 
methamine and to proguanil was conducted in 
another village (Pekeur) in the Arso area. An 
attempt was made to determine whether the 
falciparum parasites could be eliminated by 
increasing the pyrimethamine dose. An examina- 
tion of all villagers revealed the presence of 56 
parasite carriers (parasite rate 48%), who again 
proved to be infected with P. falciparum only, 
in contrast to the findings before the salt project 
was undertaken. 

The positive cases were split into two groups, 
one with 41 persons, the other with 15. Those in 
the first group were given a daily dose of 300 mg 
of proguanil (children proportionally less) for 
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TABLE 3 
Plasmodium falciparum trophozoite rates among 
carriers of various age groups in Arso I and Arso 
IT on day 1 and day 11 when pyrimethamine 
was administered on days 1, 5 and 10 
in August, 1959, and in March, 1960, 3 
months prior to and 4 months after the 
beginning of medicated salt 
distribution 


August 1959 March 1960 


EE oO 


: P : we 0 
Age in years | No. P. falciparum | No. P. falciparum | temain- 
. trophozoite carriers |trophozoite carriers | ing 
| pos. 


Day 1 Day 11 Day 1 Day 11 


0 
0 
0 


TABLE 4 
Results of intensive treatment with proguanil and 
pyrimethamine of Plasmodium falciparum 
trophozoite carriers in June, 1960, 7 months 
after the beginning of pyrimethamine- 
medicated salt distribution in the 
village of Pekeur 


No. with 
tropho- 
zoites 


Daily dosage (mg)* 
on day 


proguanil or 
pyrimethamine 


Age in 
years 


prog: 


pyr: 
prog: : 
pyr: 
prog: 
pyr: 


nN Ww 


+6 


~) 


bh bt 


7-9 
10-12 
13-18 
>18 


Total... 


pyr: 
prog: 
pyr: 


* Proguanil given on days 9, 10, 11 
pyrimethamine on days 9 and 10. 


and 12; 


TABLE 5 


tesults of treatment with proguanil and pyrimetha- 
mine of Plasmodium falciparum trophozoite 
carriers in June, 1960, 7 months after the begin- 
ning of pyrimethamine-medicated salt distribu- 
tion in the village of Pekeur 


No. with 
Daily trophozoites 
dosage on day 
(mg) | 
| proguanilt|—— 


| No. with 
| trophozoites 
on day 


Daily 

dosage 
(mg) 

pyrimetha- | - 


Age in years 


12. 

18. 

18. 

18. 

44H 25 
7-9 25 
10-12 | 25 

13-18 | 37.5 
>18 50 


Total 15 9 


Ne Nw ee 





* Given on days 1, 2, 3 and 7. 
t Given on days 9, 10, 11 and 12. 


8 days, according to the dosage schedule of 
Field.? On the 9th day, 17 of them were still 
positive. From the 9th to the 12th day, inclusive, 
8 of these 17 were given a daily dose of 600 mg 
of proguanil; i.e., the dose was doubled for all 
age groups. On the 13th day, 7 of the 8 were 
still positive. On the 9th and 10th days, the 9 
others were given 50 mg of pyrimethamine per 
day; of these, 8 were still positive on the 13th 
day (Table 4). 

The 15 persons in the second group were given 
a daily dose of 50 mg of pyrimethamine (children 
proportionally less) on days 1, 2, 3 and 7. On the 
9th day, 9 appeared to remain positive. Eight 
of them were then given proguanil according to 
the Field dosage schedule (300 mg per day for 
adults) on the 9th through the 12th day.® On the 
13th day, all of them were still positive. Table 
5 shows the results of this cross-resistance test. 


DISCUSSION 


The distribution of pyrimethaminized salt 
resulted in the resistance of P. falciparum to 
pyrimethamine within 3 months, despite the 
fact that the population involved had never 
before received pyrimethamine. This strain of 
malaria was resistant to a dose of 225 mg pyri- 
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methamine administered within 1 week. During 
the test at Pekeur, 200 mg pyrimethamine in 
tablet form was administered; and the population 
must have consumed 25 mg with the distributed 
pyrimethaminized salt. 

The pyrimethamine-resistant P. falciparum 
strain was found to be cross-resistant to pro- 
guanil, in a dosage of 4.8 grams (adult dosage) 
administered within 12 days. 

The project with pyrimethamine-medicated 
salt apparently will not yield any further results. 
The next step in this test project will be the addi- 
tion of 4-aminoquinoline to the salt which, on the 
basis of relevant data obtained from the litera- 
ture, appears to offer less risk of resistance 
developing. 

It is noteworthy that, owing to aid rendered 
by WHO and UNICEF, chloroquine diphosphate 
could be added to the pyrimethaminized salt in 


July, 1960. 
SUMMARY 


Three months after the initiation of a test 
project wherein pyrimethaminized salt was dis- 
tributed among the population in a holoendemic 
malaria region in Netherlands New Guinea, Plas- 
modium falciparum appeared to have developed 
resistance to pyrimethamine. This strain also 


was found to be cross-resistant to proguanil 
(Paludrine®). 
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FACTORS INFLUENCING THE INTRACELLULAR GROWTH OF 
TRYPANOSOMA CRUZI IN VITRO* 


FRANKLIN A. NEVA, MARY F. MALONE anp BARBARA R. MYERS 


Department of Tropical Public Health, Harvard School of Public Health, Boston, Massachusetts 


Specific factors that permit invasion of cells by 
Trypanosoma cruzi, the causative agent of Chagas’ 
disease, and the conditions that influence sub- 
sequent intracellular development of this parasite 
have not been clearly defined. Present knowledge 
of these events is based largely upon studies of 
the infection in experimental animals. However, 
the techniques of in vitro cell culture provide 
means to study more directly infection of the 
host cell by this protozoan parasite. 

Intracellular development of 7. cruzi in tissue 
culture was first reported by Kofoid and associ- 
ates;! these authors also suggested that anti- 
trypanosomal drugs might be evaluated in such 
an in vitro system.? Romafia, Meyer, and Xavier 
de Oliveira,** using hanging drop cultures of 
chick embryo tissues, described the time se- 
quence and morphologic features of developing 
intracellular forms, and demonstrated no altera- 
tion in pathogenicity for mice of 7. cruzi after 
prolonged tissue culture cultivation. Hawking® 
employed a culture system which allowed primary 
explants infected with 7’. cruzi to be maintained 
for several weeks. Hawking’s method was used 
by Lock’ for study of chemotherapeutic activity 
of drugs. Many of the observations of previous 
workers were confirmed by Tang,* who also 
found that cultivation of the parasites could be 
initiated by in vitro culture of infected mouse 
tissues. Yaeger’ attempted to use infected HeLa 
cells for metabolic studies of the intracellular 
form of 7. cruzi but was unable to infect large 
numbers of cells. More recently, Warren” has 
reported biochemical studies of chicken micro- 
phages infected with T. cruzt. 

Thus, the infection of various tissues by T. 
cruzi and intracellular development therein 
under in vitro conditions have been amply 
described. Quantitative study, however, of the 

*This work was supported (in part) by 
Research Grant E-1023 from the National Insti- 
tute of Allergy and Infectious Diseases, National 
Institutes of Health, Public Health Service, and 
(in part) by Lederle Laboratories Division of 


American Cyanamid Company, by Parke, Davis 
and Company, and by Republic Steel Corporation. 


host cell and parasite relationships is lacking, 
and specific factors which influence infection on 
the cellular level remain to be identified. 

This paper presents both qualitative and 
quantitative evaluation of certain factors that 
were found to influence intracellular infection by 
T. cruzi in a tissue culture system. Variation in 
infectivity of different strains and a striking 
relationship between incubation temperature 
and intracellular development of the parasite 
were the most notable features encountered. 
Other factors studied were comparative host- 
cell susceptibility, effects of various animal 
sera, and the infectivity for cells of different 
morphologic phases of the parasite. 


MATERIALS AND METHODS 


Strains of T. cruzi. The Brazil strain of T. 
cruzi, provided by Eleanor J. Tobie of the 
National Institutes of Health, was used for 
most experiments. Organisms were maintained 
at room temperature on modified NNN medium 
composed of agar and defibrinated rabbit bloodf 
and a 0.75-ml overlay of phosphate buffered 
saline containing up to 500 units and micrograms 
per milliliter of penicillin and streptomycin, 
respectively. The sequence of subcultures was 
interrupted at intervals of 4 to 12 serial transfers 
on NNN by infecting white Swiss mice and 
making one or more passages in mice before 
returning the parasites to NNN. Under these 
conditions it was found that white mice 3 weeks 
or more of age usually showed parasitemia but 
rarely died after intra-abdominal inoculation of 
10° or 10° motile culture forms. In 4- to 8-day-old 
mice inocula of about 10° organisms produced 
fatal infections within 20 days. 

Preliminary experiments were done with a 
strain of 7. cruzi obtained from the Army 
Medical School in 1945, designated strain ‘‘O,”’ 
and originally described as being pathogenic for 
mice and rats. This strain was maintained 

t Modified NNN medium after C. Pan: agar 7 


g, NaCl 3 g, trypticase (BBL) 2.5 g, distilled 
H:0 450 ml; 85 ml defibrinated rabbit blood. 
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exclusively in NNN cultures and large inocula- 
tions repeatedly failed to produce detectable 
parasitemia in mice. For these reasons it is here 
referred to as a “non-pathogenic”’ strain. 

The Tulahuen strain of 7. cruzi, and history 
thereof, was made available through the kindness 
of Dr. Robert G. Yaeger (Tulane University). 
This strain had been passaged for several years 
in C3H mice, in which it was described as pro- 
ducing a fatal infection. In our laboratory, 
white Swiss mice failed to show a readily de- 
tectable parasitemia after intra-abdominal inocu- 
lation of up to 5 X 10° motile culture forms; 
therefore, the strain was serially transferred only 
on NNN cultures. 

Unless otherwise specified, inocula for tissue 
cultures consisted of 7’. cruzi harvested from the 
fluid overlay of NNN slants after 14 to 30 days 
(usually 18 to 25) of incubation at 21 to 28°C. 
Fluids containing organisms were pipetted 
vigorously to disperse clumps, phosphate buffered 
saline (PBS) was used as diluent, and direct 
hemocytometer counts were made to estimate 
numbers of motile organisms. The inoculum for 
tissue cultures generally varied from 1 to 5 X 
10° motile organisms, and the volume did not 
exceed 0.25 ml. 

Tissue culture procedures. Only primary cell 
cultures, grown from tissue fragments in plasma 
clots or from trypsinized cell suspensions in 
roller cultures, were utilized. These were prepared 
by conventional techniques. To facilitate sam- 
pling for cytologic studies, tissue explants and 
trypsinized cells were also grown upon narrow 
glass cover slips kept within the roller tubes. 
Tissues* used were human embryonic skin- 
muscle, heart, or lung; postnatal human kidney; 
8- to 1l-day-old chick embryo; embryonic rat 
skin-muscle; human amnion; bovine embryonic 
kidney; and postnatal human foreskin. The 
tissue culture medium (BAF), stored in multiple 
aliquots at —15°C and thawed for use as needed, 
consisted of bovine embryonic fluids (obtained 
by trocar drainage of gravid uteri), Hanks’ 


* We are indebted to Dr. Kurt Benirschke and 
staff of the Boston Lying-In Hospital, the Surgical 
Out-patient Department staff of the Children’s 
Medical Center, and to Dr. Harold Rosenfield 
and staff of the Beth Israel Hospital for their 
co-operation in obtaining tissue specimens. Dr. 
John F. Enders and associates of the Research 
Division of Infectious Diseases (Children’s Medi- 
cal Center) kindly provided trypsinized cell sus- 
pensions of kidney tissue. 
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balanced salt solution, beef embryo extract, and 
inactivated horse serum in the proportions 
45-45-5-5. All horse serum used was derived from 
multiple bleedings of the same animal. In ad- 
dition, the medium contained phenol red, 100 
units and micrograms per milliliter of penicillin 
and streptomycin respectively, and 0.05 mg/ml 
of soybean trypsin inhibitor. Growth of human 
amnion cells was initiated with the above medium 
modified by addition of sufficient inactivated 
horse serum to give a final concentration of 20%, 
and with 50 units per milliliter of Mycostatin®. 
After 4 to 7 days amnion cultures were changed 
to the routine medium described above. Medium 
in all cultures was changed at intervals of 3 to 
7 days. Mixture 199,} with addition of inactivated 
horse serum to a concentration of 5%, was also 
used for certain experiments as noted. 

Fixation and staining procedures. Cover-slip 
preparations and cultures were fixed overnight 
in Zenker’s acetic acid, washed in running tap 
water, and stored in 70% ethyl alcohol until 
stained. Cover slips were stained for 18 to 24 
hours in Giemsa, modified by Dr. Chia-tung Pan 
of this Department as follows: 1 ml stock Giemsa 
(1.0 gram powdered stain in 132 ml of equal 
volumes glycerine and methyl alcohol); 1.25 ml 
absolute methyl alcohol; 40 ml distilled water; 
and 0.1 ml of 0.5% NazCOs. 

Some preparations, stained with hematoxylin 
and eosin, were also made from cultures of cells 
grown on the walls of roller tubes by use of the 
collodion embedding technique of W. J. Cheat- 
ham, as described by Enders and Peebles.“ 
Since cells embedded in this way cannot be 
stained by Giemsa as described above and since 
the leishmanial forms were more readily identi- 
fied in Giemsa-stained preparations, counts of 
infected cells were made from cover-slip prepa- 
rations. 

Counting parasites and infected cells. The 
flagellated forms of 7. cruzi, grown on NNN 
slants or in tubes of BAF tissue culture medium 
only, were counted directly in a hemocytometer. 
Vigorous mechanical mixing of suspensions of 
organisms prior to sampling appeared to be 
effective in dispersal of organisms, since only 
rarely were small clumps seen in the counting 
chamber. Trypanosomal forms in diluted hepa- 
rinized blood or as harvested from tissue cultures 


: t+ Obtained from Microbiological Associates, 
ne. 
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were counted directly in a similar fashion. Only 
motile organisms were counted. 

Intracellular forms of J. cruzi were easily 
recognized on microscopic examination (xX 440) 
of the stained cover-slip preparations. From 
such cover-slip preparations estimates were 
made of the percentage of cells infected with 
T. cruzi by examining at least 10 representative 
areas. Thus, depending upon the density of cell 
growth, from 20 to 100 cells in each area were 
examined and the number of infected cells 
recorded. Total cells counted on each cover slip 
ranged generally from 350 to 800, but in a few 
instances numbered as low as 250. 

The reliability of this method of quantitating 
the percentage of infected cells was analyzed.* 
The reproducibility of a series of five counts 
performed by the same person upon coded 
slides involved standard deviations from the 
mean varying from +0.9% for low infection 
rates (1 to 2%), to +2.0% for high infection 
rates (20 to 30%). In addition, an estimate of 
reliability from a single count was derived from 
two different series of paired counts made from 
duplicate cover slips. From these a 95% con- 
fidence interval (2 7) of +4.6% was determined 
for a single count when the infection rate was 
12% or less. Single observations from slides 
with 12 to 60% infected cells were found to 
have a much greater confidence interval of 
+13%. The 95% confidence limits of the means 
of duplicate or triplicate counts would, of course, 
be correspondingly less. 

Temperature of incubators and mice. From 
intermittent checks for long periods the following 
range of temperatures was observed for incu- 
bators hereafter referred to as being maintained 
at a given temperature: 24 to 28°C 26°C; 
31.5 to 34.5°C = 33°C; 33.5 to 36.5°C = 35°C; 
and 37 to 39°C = 38°C. 

A thermistor thermometer with plastic probe 
was used for taking rectal temperatures of mice. 
Increases in recorded temperature were fre- 
quently obtained with increasing depth of 
insertion of the probe. Consequently, an arbi- 
trary distance of 12-mm insertion was chosen 
and gave reasonably reproducible results. Four- 
to eight-week-old white Swiss mice kept at 
room temperatures of 18 to 26°C had daytime 
rectal temperatures that ranged from 32.7 to 
38.0°C, and regularly averaged 34.5 to 35.0°C. 


* The authors are grateful to Dr. Jane Worcester 
for her advice on the analysis of these data. 
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EXPERIMENTAL RESULTS 


Survival and multiplication of flagellate forms 
of T. cruzi in tissue culture media. Since intra- 
cellular infection was usually initiated with 
flagellates of 7. cruzi harvested from NNN, the 
survival and growth of this phase of the organism 
in the tissue culture medium (BAF) alone were 
studied. Incubation temperatures of 26, 33, and 
38°C were used for reasons that will become 
apparent. Figure 1 shows the results of two 
experiments in which 250,000 and 400,000 
organisms, respectively, from 18-day NNN 
cultures were inoculated into BAF medium and 
incubated at the three indicated temperatures. 
Growth curves in similar experiments at 26 and 
33°C with mixture 199 containing 5% inactivated 
horse serum resembled the patterns obtained 
with BAF medium. Omission of horse serum 
from both media reduced survival or multi- 
plication at all three temperatures. 

The observations summarized in Figure 1 
apply to the flagellate forms in tissue culture 
medium alone. This environment modified by 
the presence of actively metabolizing cells was 
also considered. Although complete growth 
curves were not determined, the following 


conclusions were drawn from numerous experi- 
ments on the behavior of the flagellates in the 
fluid phase of tissue cultures. Survival in tissue 
cultures at 38°C was poor, and did not appear 
to differ significantly from that in medium 
alone. At 33°C flagellates multiplied somewhat 
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Fic. 1. Comparative growth and survival at 
different temperatures in tissue culture media 
(BAF) only, i.e., without tissue cells, of extra- 
cellular forms of Trypanosoma cruzi (Brazil 
strain) from NNN. Points on each curve are 

mean values from two experiments. 
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better initially in the fluid phase of tissue cultures 
than in BAF medium alone, but evaluation 
after the 5th or 6th day was difficult because 
trypanosomes began to emerge from infected 
cells, and because the medium per se was changed 
at 5- to 7-day intervals. At 26°C continued and 
often abundant multiplication of flagellates 
occurred in the fluid phase of tissue cultures; 
however, this was not studied quantitatively. 

Influence of temperature upon intracellular 
development of T. cruzi. In early experiments on 
intracellular infection with 7. cruzi inoculated 
tissue cultures were incubated at 35°C. Recogni- 
tion of enhanced survival and multiplication of 
the flagellate forms at lower temperatures then 
led to trials which compared intracellular in- 
fection in cultures kept at 28°C vs. 35°C, as 
well as 25°C vs. 38°C. It became apparent that 
although flagellates continued to multiply well 
in the fluid phase of cultures at 25 and 28°C, 
very few cells became infected. In contrast, 
cultures similarly inoculated and kept at 35°C, 
or even at 38°C, showed variable but greater 
numbers of intracellular organisms. Observations 
made in this way eventually resulted in the 
choice of 26, 33, and 38°C as temperatures of 
incubation for comparing patterns of intra- 
cellular infection. 

Simultaneous comparisons of the effects of 
incubation at 26, 33, and 38°C were carried out 
with the Brazil strain of 7. cruzi, with inocula 
of NNN-grown flagellates. All tissue cultures 
used for any one experiment were prepared at 
the same time from a single lot of tissue and 
grown at 35°C for 5 to 21 days before inocula- 
tion. Cultures kept at different temperatures 
received equal aliquots of the same inoculum. A 
consistent temperature-dependent pattern of 
intracellular infection was repeatedly observed 
in cultures of all tissues tested in this manner. 
The findings, as evaluated by microscopic 
examination of inoculated cultures as well as of 
fixed and stained cover-slip preparations, were 
as follows: 

Infection appeared to be initiated most 
effectively at 33°C, and leishmanial forms 
multiplied readily and developed into trypan- 
osomes which then burst out from the infected 
cells. In addition, the proportion of infected 
cells increased progressively from 5 to 20% on 
day 7 or 8, to 20 to 50% by days 15 to 20. 
Fluids from infected cultures 2 or 3 weeks after 
inoculation commonly showed from 100,000 to 


143 


1 million blood-form trypanosomes per milliliter. 
At 38°C, cells became infected although the 
percentage of infected cells after 8 to 10 days 
was generally under 10%, and lower than that 
in cultures at 33°C. While intracellular multi- 
plication of leishmanial forms occurred at 38°C, 
the organisms usually remained as rounded L.D. 
bodies and only very rarely did cells contain 
developing trypanosomes. Furthermore, with 
the passage of time the numbers of infected 
cells did not increase, but slowly decreased, and 
some intracellular leishmanial forms appeared 
to be degenerating. On the other hand, at 26°C 
the percentage of infected cells did not exceed 
5% 10 to 24 days after inoculation, in spite of 
the continued presence of large numbers of 
viable flagellates in the fluid phase of the cultures. 
In fact, usually less than 1% of the cells were 
found infected after the 10th day, although 
isolated infected cells could be found in the 
stained cover-slip preparations. When present, 
such rare infected cells contained organisms in 
various stages of development. 

The appearance of infected cells illustrative 
of the phenomena described above is shown in 
Plates I to IV. When observed in vitro, the 
motile mass of intracellular trypanosomes, which 
have, in effect, replaced the cytoplasm of an 
infected cell, presents a striking appearance at 
< 100 magnification (see Plate I-B). Such 
infected cells were descriptively referred to as 
“swarm” cells. 

Results of representative experiments per- 
formed at 33°C and at 38°C in which percentages 
of infected cells in two types of cultures were 
determined are shown in Figure 2. These data 
illustrate the progressive cellular invasion that 
occurred at 33°C in contrast to the static char- 
acter of intracellular infection at 38°C. In some 
other experiments at 38°C the percentage of 
infected cells actually decreased with time. That 
this phenomenon was not a function of the 
particular tissue culture medium used was 
indicated by the fact that cultures kept on 
mixture 199 with 5% horse serum showed the 
same pattern of infection. Some of these effects 
were produced when infected cultures were 
transferred from one temperature to another, 
but this aspect was not fully explored. For 
example, practically all intracellular trypano- 
somes were found to be rounded leishmanial 
forms within 3 to 4 days after cultures were 
shifted from 33°C to 38°C. Conversely, transfer 
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Fig. 2. Comparative progression of intra- 
cellular infection by Trypanosoma cruzi at 33°C 
and at 38°C in cultures of human kidney and em- 
bryonic skin-muscle tissues. Each tissue culture 
inoculated with 250,000 organisms from the same 
NNN culture (Brazil strain), and each point 
represents an average value derived from dupli- 
cate cover slips. 


of infected cultures at 38°C to 33°C resulted 
after a few days in resumption of trypanosome 
development within cells and a progressive 
intracellular infection. However, cultures with 
an infection established at 33°C .usually con- 
tinued in the original pattern when transferred 
to 26°C. 

Observations on the susceptibility to infection of 
various tissues in vitro. Cultures of different 
tissues from various animals were susceptible to 
intracellular infection by NNN culture forms of 
the Brazil strain of 7. cruzi. Trials were carried 
out at incubation temperatures of 33, 35, or 38°C. 
Cultures of the following were infected: mixed 
embryonic tissues as well as embryonic heart 
tissue of the chick and rat; beef embryo kidney; 
human embryonic skin-muscle, heart, and lung; 
postnatal human kidney and foreskin; and 
human amnion. Differences in susceptibility 
could not be related to whether cell growth 
resulted from tissue explants in plasma clots or 
from monolayers of trypsinized cells. Results of 
some experiments in which comparable inocula 
were used and percentage of infected cells 
determined are presented in Table 1. Human 
embryonic skin-muscle was consistently quite 
susceptible. In spite of the one exception noted 
(experiment 136), other experiments not tabu- 
lated suggest that human kidney cultures were 
also highly susceptible. 


TABLE 1 


Degree of intracellular infection in cultures of 
various tissues maintained at 33 and 38°C fol- 
lowing inoculation with 225-260 x 108 
Brazil strain Trypanosoma cruzi 
from NNN 





Per cent infected cells* 





| 
Tissue cultured 


At 33°C At 38°C 


| | 
Day 8|Day 10) Day 8 |Day 10 
| 








Chick embryo nef | ne 1 
Human foreskin ne | ne 


Human amnion | ne 





(| Human kidney ne 
Human amnion ne 
Chick embryo ne 


Human skin- 
muscle 


| Human skin- 
muscle 

Human lung 

Human heart 


126 





Human kidney 

Human skin- 
muscle 

Chick embryo 


muscle ne | 21 ne |<l 














136 | 
258t Human skin- 





* Average value as counted from duplicate 
cover slips. 

t Observations not checked at this time. 

t Tissue culture medium in this experiment 
was mixture 199 with 5% horse serum; bovine 
amniotic fluid medium used for all other experi- 
ments. 


Variation in in vitro infectivity of different 
strains of T. cruzi. The non-pathogenic strain of 
T. cruzi, when compared with the Brazil strain 
in several experiments at 35°C, showed a very 
limited infectivity for human kidney and embry- 
onic skin-muscle cells in culture. However, tests 
comparing infectivity at different temperatures 
were not done with the non-pathogenic strain. 

A third strain of 7. cruzi, Tulahuen, which 
had been maintained for 4 years by passage in 
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TABLE 2 
Summary of experiments on relative capacity of Trypanosoma cruzi from NNN cultures of different ages 
to establish intracellular infection in human amnion cells in vitro; incubation temperature 
varied to limit multiplication of inoculum 





Age of 
Experimental procedure 
in days 


inoculum 


; bs , Per cent infected cells* 7 days 
Postinoculation incubation after inoculation 
temperatures for 


tissue cultures 





Range 





I. Inocula of different ages tested in 4 
separate experiments 
a. One lot of amnion cultures of 
varying ages (9 to 37 days) used 
b. T. cruzi inocula from replicate 
NNN cultures of a single trans- 
fer 


First 4 days at 38°C, 
then transfer to 
33°C until day 7 


all <1.0 
<1.0to 3.5 
<1.0to 3.8 

6.0to 8.4 





II. All 3 inocula of different ages tested in 
1 experimentt 
a. Amnion cultures from 1 lot, but 
of same age (12 days) 
b. T.cruzi inoculum obtained from a 
series of NNN transfers made 
at intervals of 20 and 12 days 


First 3 days at 38°C, 
then transfer to 
33°C until day 7 





14 
25 
35 


III. Same as no. II (inoculum multiplied 
extracellularly in tissue culture 
fluid during first 3 days at 33°C) 





6.9 
15.8 
*§ 


4.9 to 
14.3 to 
3.1 to 


First 3 days at 33°C, 
then transfer to 
38°C until day 7 


8.9 
18.8 
42.0 














* As determined by counting 3 or 4 replicate stained cover slips 7 days after inoculation of each 
tissue culture with 500,000 organisms (only 2 cover slips used for 52-day value in exp. II). 

+ Cultures inoculated with 28-day NNN material received only 80-130 < 10* organisms. 

t Mixture 199 with 5% horse serum used as tissue culture medium; BAF used in other experiments. 

§ Mean value not assigned because 4 cover slips showed extreme variation in percentage of infected 


cells. 


C3H mice, was also tested in tissue cultures. 
Five separate experiments with the Tulahuen 
strain, utilizing as inocula 200,000 to 1 million 
organisms from NNN cultures per tissue culture, 
failed to initiate readily detectable intracellular 
infection in human embryonic skin-muscle, 
beef embryo kidney, or human amnion cells at 
33°C. Inoculated cultures were also incubated at 
28 and 38°C in one experiment. However, after 
careful search of fixed and stained cell prepara- 
tions from these experiments, a few infected 
cells were found.* It was therefore concluded 
that, under the conditions tested, the Tulahuen 
strain was much less infective for cells in vitro 
than the Brazil strain of T. cruzi. 


*Dr. Robert G. Yaeger of Tulane University, 
who provided this strain, informed us that he had 
been able to infect HeLa cells in vitro with the 
Tulahuen strain. 


Intracellular infection initiated with organisms 
from NNN cultures of different ages, and with 
trypanosomes from infected blood. Metacyclic 
trypanosomes, which may constitute only a 
small proportion of total organisms present in 
NNN cultures of T. cruzi, are generally con- 
sidered to be the infective stages for the mam- 
malian host under natural conditions. It was of 
interest, therefore, to investigate the extent of 
intracellular infection obtained in vitro with 
inocula from NNN cultures of different ages. 
The results of three series of experiments in 
which this relationship was studied in cultures of 
human amnion cells are summarized in Table 2. 
In two of the experiments extracellular multi- 
plication and secondary infection of cells were 
inhibited by first incubating inoculated cultures 
for 3 to 4 days at 38°C and then transferring 
them to 33°C until day 7. In these tests higher 
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infection rates were observed with inocula 
obtained from NNN cultures 3 or more weeks 
old. Moreover, this finding seemed to be inde- 
pendent of the age of the tissue culture used. 
The third experiment, started at 33°C, showed 
a relatively high infection rate when an inoculum 
from 14-day-old NNN cultures was used; but a 
trend similar to that of the previous tests was 
suggested by the increased infection rate resulting 
from use of a 25-day-old inoculum. The results 
in cultures inoculated with 35-day-old NNN 
cultures could not be interpreted because of 
gross variation in infection rates. To minimize 
possible variation in relative numbers of infective 
forms from individual slants in the experiments 
cited, inocula for tissue cultures were derived 
from duplicate NNN slants. 

Inoculation of tissue cultures with trypano- 
somes in blood from mice infected with the 
Brazil strain of 7’. cruzi was rather unsatisfactory 
for producing sustained or progressive intra- 
cellular infection. Although infected cells were 
often found in tissue cultures exposed to between 
10,000 and 200,000 blood trypanosomes, the 
intracellular infection gradually decreased over 
a period of several weeks, even when cultures 
were kept at 33°C. Studies were not made on the 
use of inocula containing larger numbers of 
trypanosomes from infected blood. 

Attempts to influence T. cruzi infection in mice 
subjected to altered temperatures. The effect of 
temperature variation upon intracellular de- 
velopment of the Brazil strain in vitro suggested 
that a similar influence might operate in the 
infected animal. If such were the case, reduced 
body temperature might be expected to intensify 
the infection, while fever would tend to maintain 
intracellular organisms as L.D. forms, thus 
inhibiting progressive involvement of additional 
cells. Temperature control of mice was under- 
taken by either of two techniques: first, by 
subcutaneous administration of chlorpro- 
mazine,* or secondly, by keeping the mice at 
‘environmental temperatures of 5°C. 

Four- to six-week-old white Swiss mice of both 
sexes, weighing 11 to 16 g, were each infected 
intraperitoneally with 250,000 to 1 million 
(usually 500,000) blood forms. Normal as well 
as T. cruzi-infected mice housed at 22 to 26°C 


° CSpesguemacins (Thorazine®) was furnished 


through the courtesy of Dr. Edwin J. Fellows, of 
Smith, Kline and French Laboratories. 
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manifested temporary depression of temperature 
after receiving 0.02 to 0.10 mg of chlorpromazine. 
Little or no fall in temperature was detected 
after doses of 0.004 mg. Temperature depression 
of as much as 5°C was recorded in mice within 2 
hours after administration of 0.1 mg of chlor- 
promazine. Mean rectal temperatures of mice 
kept at 5°C, without drug treatment, were 
approximately 1.0 to 1.5°C lower than those of 
mice kept at 20 to 25°C. 

The temperature depression produced by 
chlorpromazine was temporary, the method did 
not give consistent results in all animals, and 
the magnitude of response varied from day to 
day. Furthermore, some evidence of “tolerance” 
to the hypothermic effect of chlorpromazine 
appeared in mice given the drug for 4 or 5 
successive days. Three separate experiments 
failed to show any definite influence of chlor- 
promazine treatment upon either intensity or 
lethality of Brazil strain 7. cruzt infection in 
mice. Likewise, in one experiment maintenance 
of infected mice at 5°C, without drug treatment, 
showed no striking influence upon the course of 
the disease. However, it should be emphasized 
in connection with these experiments that, in 
normal adult mice infected with the Brazil 
strain of 7. cruzi, parasitemia was usually very 
mild and fatal infection was rare. No other 
strains of 7. cruzi were tested in mice with 
altered body temperatures. 

Observations regarding effects of normal and 
convalescent sera upon T. cruzi. Consideration 
was given to the possible influence of serum, 
present as a component of the tissue culture 
medium, or when added for experimental pur- 
poses, upon the various morphologic forms of T’. 
cruzi. Lysis of flagellate forms of the organism 
is often produced by heat-labile factors in normal 
sera from various animals.“ In the present 
experiments no agglutination or lysis of either 
flagellate or trypanosome forms was produced 
by the 5% inactivated horse serum present in 
the tissue culture medium. Serum from only one 
horse was used throughout. 

However, the action of normal non-inactivated 
sera upon 7’. cruzi, particularly on crithidial 
stages, was quite different. For example, motile 
organisms obtained from NNN cultures and 
suspended at 33°C for 24 hours in tissue culture 
medium containing 10% unheated serum from 
normal rats or guinea pigs were reduced in 
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number to less than 1% of the original count. 
On the other hand, only a moderate and in- 
constant decrease in numbers of motile try- 
panosomes occurred when organisms derived from 
infected cells in culture were similarly exposed 
for 24 or 48 hours to 10% unheated sera from 
normal rats or guinea pigs. Moreover, once 
tissue cultures were infected with 7. cruzi at 
33°C, intracellular infection continued to progress 
for at least 1 week after the addition of the 
same concentrations of unheated sera. There 
was some suggestion that infection of cells by 
T. cruzi in culture was inhibited when non- 
inactivated 5% horse serum was used in tissue 
culture medium over a prolonged period. 

The tests with normal sera were done to 
provide control data for experiments investi- 
gating the in vitro activity of convalescent 
serum obtained from rats 6 to 8 weeks after 
infection with 7. cruzi. The ability of 7. cruzi 
from NNN to infect cells in vitro was not demon- 
strably inhibited by such inactivated convales- 
cent sera when added as 10% of the medium to 
cultures of human tissue minutes before inocula- 
tion of the cultures. However, when trypanosomes 
derived from infected tissue cultures were 
simply suspended at 33°C in tissue culture 
media containing unheated convalescent rat 
serum in a 10% concentration, the numbers of 
motile trypanosomes decreased sharply within 24 
hours. Yet, the repeated addition of 10% con- 
valescent rat serum, whether inactivated or not, 
to tissue cultures already infected with 7. cruzi, 
did not appreciably affect the progress of intra- 
cellular infection for periods up to 10 days. 

DISCUSSION 

To our knowledge, the effects of different 
temperatures of incubation upon intracellular 
development of 7. cruzi in vitro, as reported 
herein, have not been described previously. 
Earlier workers, already cited, employed incuba- 
tion at 37 to 39°C for cultivation of infected 
tissue cultures. However, it was noted by Meyer 
and Xavier de Oliveira that intracellular pro- 
liferation of parasites was considerably delayed 
in cultures kept at room temperature. From 
these earlier studies it would appear that some 
degree of intracellular development and _pro- 
gression of infection with certain strains of T. 
cruzi occurred in vitro at 37 or 38°C. In view 
of our results, one can only speculate as to 
possible findings if different incubation temper- 


atures had been deliberately compared by these 
investigators. 

The present findings may provide an explana- 
tion at the cellular level for phenomena observed 
in the past concerning the relationship of en- 
vironmental temperature to T. cruzi infection 
in experimental animals. For example, after 
noting seasonal variations in the intensity of T. 
cruzi infection in rats, Kolodny showed that 
fatal infections resulted in animals kept at a 
low environmental temperature while survival 
and milder parasitemia occurred at high temper- 
atures."*:'* He attributed his results to modi- 
fication of the physiologic processes of the host 
rather than to the direct effects of temperature 
upon the parasites. In the same way, Hauschka'® 
correlated parasitemia and temperature fluctua- 
tions in an animal room housing mice infected 
with the W B H strain of T. cruzi. More recently, 
Friebel and Kastner reported an increased 
mortality in mice infected with T. cruzi when 
given Megaphen (chlorpromazine), which the 
authors related to the hypothermic effect of the 
drug. Thus, when these findings are viewed 
retrospectively in the light of the present in 
vitro studies, they strongly suggest that temper- 
ature per se influences the intracellular develop- 
ment of 7. cruzi in the infected animal. It is of 
further interest to note that the body temper- 
ature of some of the common mammalian hosts 
of T. cruzi in nature, such as the armadillo and 
opossum, is in the range of 32 to 35°C." 

The failure to influence the course of 7. cruzi 
infection in Thorazine-treated mice, as reported 
by others,!* may be due to the strain of organism 
used. Strains of greater animal virulence were 
used in the instances cited in which outcome of 
infection was altered by temperature changes. 
More specifically, Hauschka’s'® experience in 
correlating parasitemia in mice with seasonal 
temperature changes involved two different 
strains of 7’. cruzi; he concluded that the Brazil 
strain, identical to that used by us, failed to 
exhibit this property. Differences in strain 
behavior were also apparent in the current 
study as shown by the very limited in vitro 
infectivity of the Tulahuen and “non-patho- 
genic” strains of 7. cruzi, as contrasted with the 
Brazil strain. Further study is required to 
determine whether temperature relationships 
observed with the parasite in vitro can be 
regularly reproduced in vivo. 
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Although certain factors influencing cellular 
infection in vitro with T. cruzi have emerged, 
other basic aspects of the mechanism remain to 
be clarified. The exact manner in which cells 
become infected is not known. Whatever this 
initial process, it was found that the relative 
numbers of infective stages of T. cruzi in the 
inocula were not constant, but increased with 
age of the NNN culture. That optimal con- 
ditions for intracellular infection were not 
produced simply by intimate and prolonged 
contact of 7. cruzi with susceptible cells is 
illustrated by the fact that relatively few cells 
became infected at low temperatures. The 
possibility cannot be excluded that many organ- 
isms gain entrance to cells but that only certain 
of the parasites are able to survive and multiply. 

It is not clear whether all trypanosomal forms 
of T. cruzi are equally infective for cells. Several 
observations suggest that the progressive in- 
fection seen in cultures at 33°C was caused by 
trypanosomes originating from infected cells, 
rather than by persisting extracellular flagellates. 
For example, the process was not significantly 
inhibited by procedures which rapidly eliminate 
most or all extracellular flagellate forms, i.e., 
the addition of uninactivated sera or the transfer 
of cultures to 33°C after initial incubation at 
38°C. Yet, it was somewhat surprising that 
only minimal levels of intracellular infection 
resulted when tissue cultures were inoculated 
with blood containing trypanosomes. Although 
inocula containing trypanosomes in fluids de- 
rived from infected cultures gave better results, 
even this procedure did not yield consistently 
high initial rates of infection.!* There is additional 
reason to question the infectivity potential of 
newly released trypanosomes for cells since 
overt cytopathic changes are not usually ap- 
parent until several weeks after inoculation. 

Our results of preliminary studies of the 
action of immune serum upon intracellular 
infection in vitro are not unexpected in view of 
reports of inability to prevent T. cruzi infection 
in mice passively immunized with convalescent 
serum.” 2 The participation of other host 
factors in the immune mechanism must be 
postulated, because convalescent animals are 
quite solidly resistant to reinfection.” * In one 
experiment, the addition of complement (guinea 
pig serum) to convalescent rat serum did not aid 
neutralization of 7’. cruzi in vitro." 
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SUMMARY 


Previously unreported factors influencing 
intracellular infection by Trypanosoma cruzi in 
vitro were studied. Use of different temperatures 
to influence growth of extracellular flagellates led 
to recognition of the effects of varied temper- 
atures of incubation upon the course of intra- 
cellular infection by the parasite. As determined 
with Brazil strain T. cruzi, a consistent response 
occurred when cultures of various tissues inocu- 
lated with organisms from NNN medium were 
compared at incubation temperatures of 26, 33, 
and 38°C. Although extracellular flagellates multi- 
plied and persisted in the fluid at low tempera- 
tures, intracellular infection was minimal; infec- 
tion of cells was best established at 33°C, at which 
temperature leishmanial forms multiplied and 
developed into trypanosomes, and new cells 
became infected in a progressive fashion; at 
38°C the degree of intracellular infection was 
intermediate, leishmanial forms multiplied but 
remained as rounded L.D. forms, and no pro- 
gressive infection of new cells occurred. 

Two other strains of 7. cruzi exhibited very 
limited pathogenicity in vitro. Variation in 
infectivity for cells by different morphologic 
stages of the parasite was suggested from results 
with inocula of blood trypanosomes, and with 
NNN flagellates of increasing age. Action of 
unheated normal rat and guinea pig sera upon 
organisms grown on NNN, and the failure of 
convalescent rat serum to influence intracellular 
infection, was noted. 

The course of infection in vivo was not demon- 
strably affected by attempts to alter temper- 
atures of mice infected with Brazil strain T. 
cruzt. However, evidence is presented sug- 
gesting that the temperature effect upon intra- 
cellular development of 7. cruzi may be a sig- 
nificant mechanism in the parasite-host cell 
relationship. 
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PLATE I 
A) Early stage of intracellular infection in culture of human kidney cells 72 hours after inoculation 
with Trypanosoma cruzi from NNN. One of the leishmanial forms appears to be dividing. These cultures 
incubated at 35°C. Giemsa stain. X 2,000. (B) Advanced intracellular infection in human kidney cell 


culture 13 days after inoculation with 250,000 T. cruzi from NNN. Various stages of parasite develop- 


ment, including several ‘‘swarm’’ cells, are represented. Culture incubated at 33°C. Giemsa stain. 
xX 1,200. 
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PLATE I 


pearance of intracellular 7 jpanosoma ¢ in cultures of human kidney cells after 


d at 38°C, Both cultures prepared at the same time from one suspension ol cells, 
ited with 250,000 organisms from NNN, and then incubated at different tempera 


each culture fixed and stained with Giemsa on day 13. (A) Culture incubated 
ous stages ot intr icellular development are seen, but many of the organisms have elongated 
1¢ trypanosomal stage. X 2,000. (B) Culture incubated at 38°C. All of the intra 

remain as rounded L. D. forms. * 1,400 
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PLATE III 


Comparison of intracellular 7'rypanosoma cruzi in cultures of human skin-muscle tissue after incuba- 


tion at 33°C and at 38°C. Beth cultures prepared at same time from one tissue specimen, each inocu- 
lated with 250,000 organisms from NNN, and then incubated at different temperatures. Cover slips 
stained with Giemsa. (A) Culture incubated at 33°C and fixed on day 8. A “‘swarm’”’ cell is shown in 
which many of the organisms have elongated and nearly reached the trypanosomal stage. X 2,000. (B) 
Culture incubated at 38°C and fixed on day 13. Only rounded L. D. forms are present. X 2,000. 
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PLATE IV 


Increase in intracellular infection with Trypanosoma cruzi 


as seen at 33°C in replicate cultures of 
human kidney on days 8 and 19 after inoculation with 250,000 organisms from NNN. Giemsa stain. (A) 


tepresentative area on day 8. Average of 5% of the cells found infected when counts were made from 


two cultures. X 400. (B) Representative area on day 19. Average of 52°, of the cells found infected when 
counts were made from two cultures. K 360 





OBSERVATIONS ON VECTORS OF CHAGAS’ DISEASE IN THE UNITED STATES 


III. New Mexico* 


SHERWIN F. WOOD anv FAE D. WOOD 


Life Sciences Department, Los Angeles City College, and Department of Medicine, University of California, 
Los Angeles, California 


The first attempt to locate conenose bugs, 
Triatoma, naturally infected with Trypanosoma 
cruzi Chagas in New Mexico was made by F. D. 
Wood in 1937.1 In 1939, S. F. Wood reported 
naturally-infected Triatoma protracta protracta 
(Uhler) near Tyrone.? In 1952 in collaboration 
with National Park Service personnel in South- 
western Monuments, 7. p. protracta naturally 
infected with 7. cruzi was obtained from Chaco 
Canyon.’ During 1957, with co-operation from 
the National Park Service, Triatoma gerstaeckert 
(Stal) from Carlsbad Caverns was found infected 
with the causative agent of Chagas’ disease.‘ 
More recent field and laboratory observations 
are reported here for the first time. 

Other observations on Chagas’ disease in the 
United States have been reported from Cali- 
fornia’ and Arizona® as parts I and II, respec- 
tively, of this series. 


*This study was partially supported by a 
research grant in 1957 to the senior author from the 
American Association for the Advancement of 
Science under the auspices of the Southern Cali- 
fornia Academy of Sciences. The following per- 
sonnel of the National Park Service forwarded 
bugs for examination: L. P. Arnberger, G. 8. 
Cattanach, Jr., Mr. and Mrs. F. H. Elmore, Mr. 
and Mrs. H. F. Hastings, A. F. Hewitt, Jr., R. T. 
Hoskins, T. C. Miller, C. C. Sharp, P. F. Spangle 
and Arthur White. An infected Triatoma from 
Carlsbad was received from Gerald D. Harwood. 
Thanks are due Dr. D. G. Constantine, S. W. 
Rabies Investigation Station, Public Health 
Service, U. S. Department of Health, Education, 
and Welfare, State College, New Mexico, for 
permission to xenodiagnose 35 bats and 4 skunks; 
Supt. C. C. Sharp and Naturalist D. G. Warnock 
for identification of and permission to a 
nose 24 Chaco Canyon mammals; Supt. of. 
Howell, for permission to sample 12 Gran Quivire 
mammals; and Supervisor John Stock, Burro 
Mountain Branch, Phelps Dodge Corp., for per- 
mission to collect mammals and bugs at Tyrone. 
Dr. C. A. McLaughlin, Assistant Curator of Birds 
and Mammals, Los Angeles County Museum, 
identified the Gran Quivira mammal skins. The 
muscle pathology was interpreted by Dr. Carl M. 
Pearson, School of Medicine, University of Cali- 
fornia, Los Angeles. Mr. Philip Bleicher, also of 
that institution, took the photographs. 


MATERIALS AND METHODS 


Four species of conenose bugs, Triatoma, were 
collected from dens of the wood rat, Neotoma 
(Figure 2), or received from human habitations. 
Both pressure and feeding techniques were used 
for obtaining fecal samples. These were examined 
for trypanosomes in droplets of sodium citrate 
solution. 

In previous testing of 7. cruzt from New 
Mexico, pooled inocula from bugs were injected 
into mice.? Here, an attempt was made to get 
some idea of susceptibility of white mice to single 
droplet inocula such as might occur in nature. 
The infected bug was fed on a trypanosome-free 
laboratory mammal and the separate droplets 
retrieved from the insect so that each mouse re- 
ceived the equivalent of a single contaminative 
fecal droplet.’ With single droplet inoculum, the 
reaction of the laboratory animal should resem- 
ble more closely the results from probable con- 
taminative contacts in nature. 

The blood of each inoculated mouse was ex- 
amined 4 to 10 times at weekly intervals by 
taking 1-drop samples from the tip of the tail. 
This blood was placed directly into a drop of so- 
dium citrate solution, covered with a circular 
18-mm glass cover slip and examined immediately 
for trypanosomes. 

Cultures of conenose bugs, Triatoma, were 
transported and maintained in the field in water 
coolers made and designed by the authors.’ This 
is essentially a covered box of burlap-padded 
hardware cloth sitting in a pan on layers of wet 
absorbent cotton. The bugs were fed in the field 
on albino rats, Rattus norvegicus. 

Mammals were obtained with small and large 
Sherman and tin can live traps. Some rodents 
were caught by hand with gloves, hardware cloth 
cylinders or insect nets as they left their hiding 
places. 

All mammals were transferred to hardware 
cloth cylinders in the field immediately after 
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capture and placed in plastic culture dishes on 
paper toweling. The absorbent paper prevents 
drowning of bugs in the rodent’s urine. Live 
bugs were removed from the coolers, placed in 
the plastic dish with the restrained rodent until 
fed, and then returned to the cooler. Larger cyl- 
inders were used for skunks. Dishes with live 
rodents and bugs were placed on the floor or seat, 
underneath or to one side of the car, out of direct 
sunlight. 


OBSERVATIONS 
Vector Habitats 


Five reduviid vectors of Chagas’ disease are 
known from New Mexico as summarized in Table 
1. T. p. protracta and T. p. woodi appear to be 
Upper Sonoran Life Zone subspecies. 7. rubida 
uhleri, T. sanguisuga indictiva and T. gerstaeckeri 
were found in Lower Sonoran Life Zone environ- 
ments. The latter appear to be confined to the 
southern part of the state as indicated in Map 1. 
T. protracta, T. rubida, and T. gerstaeckeri are 
illustrated in Figure 1. The bugs incorrectly 
identified in 1957 from Carlsbad Caverns‘ as T’. 
s. indictiva actually are T. gerstaeckeri. Only 
three nymphs of 7’. sanguisuga have been found. 

All of these conenose bugs are known from 
sylvan locations. However, 7’. p. protracta and T. 
gerstaeckeri also visit human habitations. The 
domestic habit is, of course, most important in 
disease transmission to man. With the exception 
of 32 bugs from human habitations and 5 cap- 
tured at other outdoor locations, all bugs were 
collected from dens of the wood rat, Neotoma. To 
1959, search of 204 wood rat dens (Figure 2) from 
New Mexico has yielded 661 Triatoma, an aver- 
age of 3.2 bugs per wood rat den. No Triatoma 
were found in 96 of these dens. Forty-two was the 
largest number taken from one wood rat den. This 
was chiefly of cane cactus stems in a dry stream- 
bed 7 miles south of Silver City in September, 
1957. Sixteen, or 2.4%, of the bugs found in 
wood rat dens harbored 7. cruzi. Of the 32 bugs 
collected or received from human habitations, 
4 or 12.5% were infected. 

Wood rat dens differ in structural makeup 
with the vegetation immediately available and 
the variable collecting habits of the mammal. 
Mesquite shelters, often partially buried in 
drifting sand, were found near Las Cruces and 
northeast of Carisbad. Dens of juniper branches, 
Juniperus monosperma, are common near 
Carrizozo and Las Lunas. Dens of twigs and 
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TABLE 1 


Insect vectors of Trypanosoma cruzi in New Mezico 
reported to 1959 





No. | No. | No. | 
Vector col- | ¢ | in- | 


Jo 


x- n. in- 
lected | amined | fected | fected 








| j | 
| | 

| } 

442 | 18 | 


Triatoma protracta 
protracta.... 
Triatoma protracta 
woodi.... ..| 210 
Triatoma rubida uhleri.| 12 
Triatoma sanguisuga 
indictiva......... 
Triatoma gerstaeckeri.. 


456 





Total... 





cactus stems (Figure 2) were found at the base of 
cacti: a round-stemmed Opuntia near Tyrone, 
and the flat-stemmed Opuntia near Santa Rita. 
Superstructures protected the runways to inner 
grass-lined nesting sites and feeding stations 
where conenose bugs, if present, were found. 


Source Localities of Insect Vectors 


T. p. protracta (Uhler). Infected insects were 
collected from Old Copper Mill Site, 6 and 5 miles 
east of Tyrone, and 1.5 and 3.1 miles southeast of 
Tyrone, Grant County; and from Chaco Canyon, 
San Juan County (see Map 1). Uninfected ones 
were taken from sites 1, 5 and 7 miles south and 
12 and 30 miles southwest of Silver City, and 
from “The Pines,’ 1 mile south of Tyrone, the 
Tyrone Dump, 4, 5, 6, 9 and 10 miles east and 2 
miles southeast of Tyrone and at Tyrone itself, 
and 14 miles northeast of Santa Rita, all in 
Grant County. 

T. p. woodi Usinger. Uninfected insects were 
collected from 11 and 17 miles west of Las Cruces, 
Dona Ana County; 37 and 51 miles northeast of 
Carlsbad in Lea County; 2 miles north of Socorro 
and 10 and 20 miles south of Gran Quivira, 
Socorro County; 10, 12 and 13 miles (“‘Red Hill’’) 
west and 15 and 20 miles northeast of Carrizozo 
and 22 miles southwest of Corona, Lincoln 
County; and 5.3 miles south of Mountainair, 
Torrance County. 

T. r. uhleri (Neiva). Uninfected insects were 
collected from 11 and 17 miles west of Las Cruces, 
Dona Ana County; 30 miles southwest of Silver 
City, Grant County; and 1 mile west of Rodeo, 
Hidalgo County. 
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Map 1. Geographical distribution of Triatoma and Trypanosoma cruzi Chagas in New Mexico. T. 
cruzi was recovered in Triatoma at Carlsbad Caverns, Chaco Canyon and Tyrone and in one Neotoma 


at “Red Hill.” 


T. s. indictiva (Neiva). Uninfected insects 
were collected from “The Pines,” 1 mile south of 
Tyrone, Grant County. 

T. gerstacckeri (Stal). The only infected lo- 
cality wae Carlsbad Caverns, Eddy County. 


Field Xenodiagnosis 


During the summer of 1958, 95 mammals were 
tested by feeding 276 laboratory-raised T. p. 
protracta and T. p. woodi on them shortly after 


they were live trapped or hand caught in the 
field as shown in Table 2. The high temperatures 
stimulated the conenose bugs to feed readily 
inside, or in the shade of, the car. The lower tem- 
peratures of the burlap cooler made it possible 
to transport them to the laboratory through 
lethal temperature zones, especially the Rio 
Grande valley and the southwestern deserts. 

T’. cruzi may appear in the feces of Triatoma 
as early as 7 days after the infective feeding under 
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TABLE 2 


Xenodiagnosis of New Mexico mammals in 1958 





Mammal 





Citellus leucurus cinnamoneus 
Citellus variegatus tularosae... . 
Dipodomys ordii ordii 
Mephitis mephitis 
Neotoma albigula albigula 

ce ia ce 


“ee “ “e 


Neotoma micropus canescens 
Peromyscus boylei rowleyi 
Peromyscus crinitus 
Peromyscus maniculatus 

« « 
Tadarida mexicana 
Tadarida molossa 


Locality 


County 


No. | 
| tested | 





Chaco Canyon 
Gran Quivira 
Gran Quivira 
Las Cruces 
Santa Rita 

nr. Carrizozo 
Gran Quivira 
Chaco Canyon 
Tyrone 
Tyrone 

Chaco Canyon 
Gran Quivira 
Chaco Canyon 
Carlsbad 
Ghost Ranch 


San Juan 
Socorro 
Socorro 
Dona Ana " 
Grant (1) 
Lincoln (5) ) 
Socorro (1) 
San Juan (4) 
Grant 

Grant 

San Juan 
Socorro (5) 
San Juan (13) 
Eddy 

Arriba 


~-~ Oo OOH 


coocoooro 





Total 


w 








summer conditions.’ Ample time allowance in re- 
lation to temperature was made in all cases to in- 
sure detection of light infections. Three of eight 
general localities sampled revealed infected mam- 
mals. 

Three mammals were found positive by ex- 
amination of 7. p. protracta which had fed on their 
blood. These were one adult male southern plains 
wood rat, Neotoma micropus canescens, from 3.1 
miles southeast of Tyrone, Grant County (Fig- 
ures 2 and 4); one suckling male white-throated 
wood rat, Neotoma albigula albigula, from 12.5 
miles west of Carrizozo, Lincoln County (Figure 
3); and one adult female rusty antelope squirrel, 
Citellus leucurus cinnamoneus, trapped under a 
house trailer at Chaco Canyon (Figure 5), San 
Juan County. 


Experimental Infections 


Results of inoculations of Mus musculus are 
summarized in Table 3. All white mice were strain 
CC 1 from the California Caviary. In white mice 
experimentally infected from feces of T. p. pro- 
tracta from Tyrone, New Mexico (experiments 
204 to 218), the typical developmental aggrega- 
tions of parasites have been found in cardiac and 
skeletal muscles. Lesions occurred similar to 
those reported for a California source’® and other 
strains."!-4 


In experiments 221 to 224 the mice were in- 
fected from dissected gut contents of T. 
gerstaeckeri which had been collected near the 
entrance to Carlsbad Caverns. This bug was 
watched for 159 minutes after feeding without 
finding any droppings for animal inoculation. 
Delayed defecation records on previously ob- 
served T'riatoma were 435 minutes for a protracta 
and 132 minutes for a recurva.”: }® 

The amount of inoculum used in experiments 
listed in Table 3 varied from 0.03 to 0.5 ml per 
mouse. The post-inoculation days on which mice 
showed parasitemia ranged from the 10th in 
experiment 223 to the 50th in experiment 214, 
although examinations were continued in some 
to the 69th day. Infections were light, 50% of 
the observations revealing only 1 or 2 T.. cruzi in 
citrated blood under an 18-mm round cover slip. 
Exceptions were mice 209, 211, and 216 which 
had maximum counts of 24, 40 and 10, respec- 
tively. 

White mouse 219, a 17-g male, was injected in 
the left gastrocnemius with a 0.1-ml suspension 
in sodium citrate solution of fecal droppings from 
infected T. p. protracta from Tyrone. The pur- 
pose of this experiment was to demonstrate 
leishmaniform development. This animal was 
sacrificed on the 7th day when the left leg was re- 
moved and fixed in ouin’s fluid. That the para- 
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TABLE 3 
Infection of white mice with Trypanosoma cruzi from New Mezico 





Inoculation site* 


Weight or age 
Expt. no. oF 


mouse 


Blood exam. 





; ; 
No. bugs 
Xenodiag: 


_ 
2 





9.0¢g 


| 


Boooooonwt 
L+++t+i+i+ 





i+ i 


l+++1+ 
83 oe «1 
Baron 








@® 
oaaacoanows OO 
“me nNorROWwWaacc 


++++4+4+84+4++4+ 





8/17 pos. 
(47%) 


13/15 pos. 
(86.6% 








*im = intramuscularly, ip = 


sites develop readily at the site of intramuscular 
inoculation is revealed by nests of leishmaniform 
T.. cruzi in the striated muscle as shown in Figure 
12. This mouse showed an intense inflammatory 
response at the site of inoculation involving 
largely the connective tissue septa between the 
muscle bundles. An occasional isolated muscle 
fiber was also surrounded or replaced by mononu- 
clear inflammatory cells and macrophages. In 
some sections there was minimal evidence of 
muscle fiber destruction. In others, however, a 
true myositis with extensive replacement of fibers 
by inflammatory cells and macrophages was pres- 
ent. A number of the degenerating muscle fibers 
were in close proximity to fibers containing groups 
of parasites. Inflammatory cells were present with 
the parasites in some instances. 

Phagocytosed yellow brown pigment granules 
from the inoculum were present in some areas 
within connective tissue cells. The exact effect of 
these granular inclusions, per se, on the tissue re- 
action has not been determined. 

Mouse 211 (Figures 7 and 8) was sacrificed for 
tissue studies on the 31st day after intraperi- 
toneal inoculation. Autopsy revealed an enlarged 


intraperitoneally. 


heart (Figures 9, 10, 11 and 13), spleen and thy- 
roid and a myxedematous infiltration of the sub- 
cutaneous connective tissue. There was a mini- 
mal focal interstitial myocarditis confined largely 
to the auricular musculature as shown in Figures 
14 and 15, with an occasional isolated degenerat- 
ing muscle fiber. In one area the inflammatory 
reaction extended to the pericardial surface and 
there was at this point an eosinophilic edematous 
zone suggestive of a focal pericarditis. The 
cellular foci were composed chiefly of large 
mononuclear cells with prominent nuclei and 
nuclear membranes. They resembled mesen- 
chymal or connective tissue cells. A few smaller 
cells resembling lymphocytes were interspersed 
in the foci. Mitotic proliferation was commonly 
seen in these mesenchymal cells (Figure 15). 
There was pycnotic nuclear debris in some areas 
as noted in Figure 15. 

Xenodiagnostic feedings on inoculated mice 
which yielded positive results were made from 
the 14th post-inoculation day in experiments 
221 to 224, to as late as the 30th day in experi- 
ment 209. Of the 17 mice listed in Table 3, 8 
were found positive by blood examination, 13 by 
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xenodiagnosis. All attempts to corroborate the 
positive blood examinations by xenodiagnosis 
were successful. Of the 13 mice giving a positive 
xenodiagnosis, 7 would have been recorded as 
negative by the blood examinations alone. This 
emphasizes the value of xenodiagnosis and 
indicates the importance of Triatoma in main- 
taining the infection in nature. 

Of 53 T. p. protracta fed on 9 mice of which 8 
had been successfully infected experimentally, 24 
bugs acquired trypanosomes. From a total of 17 
animals used here in experiments where blood 
trypanosomes were seen more than once in only 
four, xenodiagnosis of 15 resulted in 75 positive 
bugs from 115 exposed. Since 65 of the 75 in- 
fected bugs were small nymphs (lst instars), 
this is a high percentage of positives for such 
light parasitemias. First instar nymphs of 
protracta take larger meals in proportion to body 
size than do 2nd, 3rd or 4th instar.'® 


DISCUSSION 


The presence of conenose bugs, especially 


T. p. protracta in the above-ground superstruc- 
ture of wood rat dens, is markedly increased by 
surface moisture. For many years prior to 1957, 
summer rains had been subnormal in the Silver 
City area. Heavy precipitation occurred in late 
August and early September of 1957 so the ground 
was moist when the bugs were collected on Sep- 
tember 9. This increased humidity was one of the 
important factors in the finding of 42 bugs, 28 
adults and 14 nymphs, in one small wood rat den 
under a live oak along State Highway 180, 7 
miles south of Silver City. This count is minimal 
since the sky was overcast and it was late in the 
day. During the summers of 1956 and 1958, 
rainfall was subnormal and spotty at Chaco 
Canyon; but during the summer of 1957, 0.54 
inches fell in June, 2.12 inches in July and 2.73 
inches in August in the form of well scattered 
showers. During the summer of 1957, Supt. 
Charles C. Sharp estimated 20 to 30 T. p. pro- 
tracta were taken from trailers and from homes 
in contrast to the recorded three in 1956 and 
one in 1958. Increased abundance of many insect 
species is generally noticeable during periods of 
normal and above normal rainfall in the arid 
Southwest. 

Although the writers have paid little attention 
in the past to moisture in relation to collecting 
time, it is possible that greater numbers of 
Triatoma could be taken from the wood rat den 
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superstructure if visited sometime after wetting 
rains but before the above-ground piles of twigs 
and other building materials dry out. Where time 
has been taken to dig into underground burrows 
in dry areas, more Triatoma have been found. 

Concerning the habitat of T. gerstaeckeri at 
Carlsbad Caverns (Figure 6), Naturalist P. F. 
Spangle writes, on September 10, 1958, that 
these bugs are “living in the burrows of the rock 
squirrels” nearby. This remark is all the more 
significant in view of the verification by Ryck- 
man et al. that T. recurva, a conenose bug of 
similar size, feeds on the rock squirrel in Mexico." 

The small number of wild animals found posi- 
tive by xenodiagnosis probably reflects the 
scarcity of naturally-infected animals occurring 
during the warmer, less stressful, periods of the 
year. The best time for sampling mammals for 
trypanosomes either by direct blood examination 
or xenodiagnosis is during the cold weather. 
Under such adverse environmental conditions, 
parasitemias are higher and more easily detected 
in field rodents because of the stress of harder 
living competition and the increased hunger 
drive imposed by the need for increased food 
intake. Better bait acceptance by the rodents 
at this time of year leads to greater live trapping 
success. Tests with various bug instars show that 
the biggest blood meals in proportion to body 
weight are taken by the Ist and 5th instars.'® 
The Ist instars are probably most important in 
continued maintenance of infections in nature 
because of their inconspicuousness and greater 
numbers. 

Lowered environmental temperatures have 
been shown to have a marked effect in increasing 
blood forms in laboratory rodents experimentally 
infected with T. cruzi. The recovery of more 
natural infections in rodents in winter than in 
other seasons has been verified for Arizona.'® 

The light transitory parasitemias produced 
here by inoculations “equivalent” to contact with 
a single natural contaminative defecation support 
the belief that mild blood infections, as judged by 
low blood parasite counts, are common and of 
long duration among susceptible rodents. The 
recurrence of light parasitemias in the blood of 
rodents after heavy initial trypanosome invasions 
has been verified previously with sylvatic 
sources from the Southwest.” 

The low virulence in mammal reservoirs and 
the relatively few accidental contacts of infected 
insects with man, as at Tyrone, Chaco Canyon 
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and Carlsbad Caverns, probably explain the lack 
of infection in man. However, comparative tests 
in laboratory animals from the Southwest lead 
the authors to believe that this parasite can infect 
man as demonstrated in Texas.?° 

Various investigators have found that animals 
inoculated with an attenuated strain of T.. cruzt 
show a resistance to subsequent experimental 
infection with the same or a more virulent 
strain.'® 1. 21, 2 This offers the possibility of using 
some infective forms of a non-virulent strain, such 
as that occurring in New Mexico or other areas 
of southwestern United States, to immunize man 
against the virulent destructive strains occurring 
in Central and South America. Pizzi found that 
culture forms of attenuated virulence, as well 
as forms from the insect vector, inoculated into 
mice enabled them to survive a subsequent 
inoculation with virulent blood forms.” Reticulo- 
tropic strains might leave less severe tissue 
damage to the host, increasing the difficulty of 
diagnosis as well as the protection against more 
virulent parasites. Could this be why physicians 
do not find adult human cases in New Mexico? 

The type locality for T. p. woodi® in New 
Mexico, originally specified as 13 miles west of 
Carrizozo, is a well isolated sylvan association of 
Triatoma and Neotoma a. albigula (Figure 3). 
No permanent human dwellings are present 
there today. The “Red Hill Gas Station” habitat 
of man observed in 1936 has vanished. Fifty-six 
bugs in 1936, 16 in 1957 and 41 in 1958 exam- 
ined for trypanosomes from this area were 
negative. 

Although 9 adult and 3 immature Neotoma 
were negative from the “Red Hill” locality, the 
positive xenodiagnosis of a suckling male from 
there as reported here emphasizes the importance 
of using laboratory techniques in the field in 
searching for natural reservoir animals. Since 
young wood rats may be more susceptible than 
adults to this infection, they would probably be 
the best animal for detecting natural infections. 
Culbertson and Kessler“ and Culbertson and 
Kolodny* reported that young rats are more 
sensitive than adults to experimental infection 
with 7. cruzt. 

Apparently a cardiotropic form of Chagas’ 
trypanosome, 7. cruzi, is widespread in New 
Mexico reservoir animals, chiefly rodents, with 
every possibility of its continuance as a natural 
zoonosis. 

The wide geographical distribution of suscep- 
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tible insect and mammal hosts and their continued 
close association with dwellings of man put 
Chagas’ trypanosome on the doorstep, in the 
attic, under and in the homes of many potential 
human hosts in New Mexico. 


SUMMARY 


The causative agent of Chagas’ disease, 
Trypanosoma cruzi, was found in 23 or 3.4% of 
675 conenose bugs collected from 1936 to 1959 
in New Mexico. Sixteen infected insects from 
Tyrone and two from Chaco Canyon were 
Triatoma protracta protracta and five from Carls- 
bad Caverns were T'riatoma gerstaeckeri. 

Naturally-infected mammals discovered by 
field xenodiagnosis were one male southern plains 
wood rat, Neotoma micropus canescens, from near 
Tyrone; one male suckling white throated wood 
rat, Neotoma albigula albigula, from 12.5 miles 
west of Carrizozo; and one female rusty antelope 
squirrel, Citellus leucurus cinnamoneus, from 
Chaco Canyon. 

White mice inoculated intramuscularly with 
bug feces equivalent to a single natural contami- 
native defecation acquired light transitory 
blood parasitemias. Microscopically undetected 
blood invasions of 9 experimental white mice 
were infective for 19 of 43 bugs used in xeno- 
diagnosis. A 2-day-old white mouse injected 
intraperitoneally with one dropping from a 
naturally-infected Tyrone male Triatoma was 
sacrificed on the 3lst day. Tissue sections re- 
vealed a minimal focal interstitial myocarditis in 
association with groups of leishmaniform T'ry- 
panosoma, cruzt. 
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PLATE I 
Fic. 1. Insect vectors of Trypanosoma cruzi from New Mexico. Upper left, Triatoma 


pro- 
tracta protracta; upper right, 7’ p. wood; lower left, 7 


rubida uhleri; and lower right, 7. gerstaeckeri. 
Males on the left and females on the right in each pair. X 1. 
Fig. 2. Neotoma micropus canescens den habitat 
mi. SEK Tyrone, Grant Co., New Mexico 
Fic. 3.” Red Hill’ locality in middle distance at 33°50’N and 106°W 
twig wood rat dens. One naturally-infeeted Neotoma albigula albiqula was found here by xenodiagnosis. 
Fic. 4. Sylvan locality near the Old Copper Mill Site, 3.1 mi. SE Tyrone, where naturally-infected 
7. p. protracta and N. m. canescens were found. 


of T. p. protracta in cane cholla cactus, Opuntia, 3.1 


where 7’. p. woodi occurs in juniper 


Fic. 5. Chaco Canyon homes where naturally-infected 7 


. p. protracta and Citellus leucurus cinna- 
moneus were found 


Note last trailer in upper left of picture at arrow where infected antelope ground 
squirrel was trapped 


Triatoma descend to homes and trailers in summer from rodent dens in canyon 
wall crevices and caves 


Fia. b Carlsbad Caverns living area where naturally 


infected 7’. gerstaecker? were found in and on 
human habitations 
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PLATE II 
Parasites in Figures 7 through 10 were stained with Jenner-Giemsa, Figure 11 with Giemsa, Figure 
12 with Weigert’s hematoxylin and eosin, and Figure 13 with phosphotungstic acid hematoxylin. Figures 
7 through 11 and 13, from mouse 211; Figure 12, from mouse 219. All figures K 1300 


Fic. 7. Progressive blood form, open “C"’ Trypanosoma cruzi from heart tissue contact preparation 


of cut surface of auricle 
Fira. 8. Regressive blood form, closed “‘C”’ 7. cruzi from tail blood on 25th dav after inoculation. 
Fic. 9. Rounded leishmaniform 7. cruzi dropped from heart auricle section in tissue touch preparation. 
Fic. 10. Progressive, elongating leishmaniform 7’. cruzi dropped from heart midsection in tissue 
touch preparation 
Fic. 11. Nest of leishmaniform 7. cruzi from heart ventricle 
Fig. 12. Nest of leishmaniform 7. cruz? in center of a fiber of gastrocnemius muscle. 
Fig. 13. Nest of leishmaniform 7°. cruzi from heart ventricle 





VECTORS OF CHAGAS’ DISEASE IN NEW MEXICO 


Oo. @ ’ 2 7 
C6 ne Om: 


PLATE III 


Fia. 14. Minimal focal interstitial myocarditis of the auricle of mouse 211 stained with hematoxylin 
and eosin. X 430 
Fig. 15. Enlargement of Figure 14 showing large mononuclear cells interspersed with small lympho- 


evtes. Note the mitotic figures of mesenchymal cells indicated by arrows. X* 970. 














OBSERVATIONS ON CELL 


DIVISION 


OF ENTAMOEBA HISTOLYTICA IN 


CULTURE* 


JAMES G. SHAFFER,7 


De partme nt of Vicrobioloagy and Publi 


In a study of modifications of the CLG med- 
ium of MeDade and Shaffer! for the cultivation 
f histolytica, dividing 
trophozoites were observed on slides made from 


rf) Entamoeba 


numerous 
the cultures. This process was recorded on film 
in the hope of learning more about the mecha- 
The that 
resulted from this have proven to be of consid- 


nism involved. observations have 
erable interest and are the subject of this report. 

It appears that Harris, in 1894, was the first 
E. 
histolytica. He is quoted by Dobell*? as describing 


to observe division of the trophozoite of 


numerous divisions in a_ stool sample from a 


patient with amebic dysentery. Harris also 
described one ameba which divided into three, 
& process which Dobell termed “nathologic 


fragmentation.” 


MATERIALS AND METHODS 


The medium for propagation of EF. histolytica 
was, as indicated above, a modification of the 
CLG turn, 
modification of the Shaffer-Frye | 

This differs the routine 
CLG medium in that washed bacterial cells are 
substituted for the usual supernatant fluid. The 
technique of cultivation of £. 


medium,' which, in represents 


S-F 


a 
) medium.’ 
medium 


new irom 


histolytica in this 
medium is in all other ways similar to that used 
with the CLG medium and will be described in 
detail in a forthcoming publication. 

All of 


made with the K-9§ strain of # 


the observations to be described were 
histolytica 


So 


far no observations have been made on other 


strains 
Aided by 


tional 


eases 
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National Institute ot 
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t The authors wish to express their appreciation 
to Mrs Britt Werner V iluable 
these studies 

§ The K-9 strain of EZ. hist ca was obtained 
from Dr M M. Brooke of the Communicable Dis 
ease Center, Public Health Service 
back from Korea in 1951 by Dr. W 
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Health Publie 
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assistance in 
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Routinely, ordinary microscopy was used to 
examine the cultures during the study of growth 
curves of the K-9 strain in the modified CLG 
medium. As indicated above, relatively frequent 
cell divisions were observed despite the fact that 
no attempt was made to warm the slide or to 
maintain a constant temperature. The observa- 
tions to be reported were recorded on 16-mm 
motion-picture film, since it was felt that by so 
doing one could get a more complete view of the 
whole process of division in a form which would 
allow for a leisurely and careful study of certain 
details. 

The equipment for producing the films con- 


sisted of a Bolex camera mounted above a Spencer 


phase microscope which was enclosed in a small 
incubator. The microscope was equipped with 
an ocular horizontal objective and prism so that 
constant viewing could be accomplished during 
operation of the movie camera. An appropriate 
light source with rheostat was mounted under 
the microscope and outside the incubator. The 
and light were operated with foot 
switch, leaving the hands of the operator free to 


camera a 

manipulate the microscope. 
Cultures of the K-9 strain 

were incubated at 37°C 


of E. histolytica 
for 30 to 36 hours to 
allow for sufficient propagation to produce enough 
trophozoites so that samples removed to a slide 
would contain numerous organisms. The sample 
was removed by capillary pipette and placed on 
a clean slide. Enough material was placed on the 
slide so that it would spread evenly in a thin 
layer under a cover slip. This was then sealed with 
petrolatum and placed on the stage of the micro 
scope for observation. In this manner numerous 
amebae have been followed film 


on through 


various stages of division. 


RESULTS 


Observations made in the manner described 
above have revealed several points of considerable 


interest. It has not been possible to observe 


nuclear division by this technique, but the 
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complete cycle of the cytoplasmic division of the 
trophozoite has been observed and recorded 
Divisions do not start after the 


preparations are made. In fact, there are few, if 


immediately 
any, that occur in less than 60 minutes. During 
slick 


whic h 


most of the divisions 
the 
interest 


the 2nd hour on the 
number decreases 
that divisions 
37°C. This 


since the manipulations necessary 


take place, after 
gradually It is also of 
occur readily at temperatures below 
is fortunate, 
to keep the organisms under observation make 
maintenance of a constant 37°C 


difficult 


temperature 


On numerous OccAaSIONS, before divisions 


begin i phe nomenon has been observed which 
amebae have 
other. It 


some attrac 


may represent conjugation: two 


been seen to migrate towards each 


appears that there may actually be 


tion between the two. Sometimes one ameba 


becomes superimposed on the other and it cannot 
be determined whether or not any contact which 
would allow an exchange of cytoplasmic or 
On other occasions two 
make contact 


In such instances 


nuclear material occurs 


amebae have been seen to while 


ning on the sam«e 


remal 


the point of 


plane 


contact can be seen as a line of 
omes flattened as the cell 
\iter 


and 


demarcation which be 
see Figure | 
this fades 


bodies come closer together 


wt time, a portion of line 


invisible. This situation would seem to 
for some exchange of material across the 
line of demarcation has been, but 
ibsolutely sure that this happens 
conds, the two amebae break apart 
No di 


imebae, 


isions have as vet been 


but the time one can 


limited. Thus, 


that the 


separation is 
idence at this time 
on to division 
the trophozoite as seen 
evidentls 


not seen by 


sections from the in 
ens. Some features to be 
Harris 


progressively 


dently seen by 


ozoite ten to become 
prior to di iIslon but does not round 
titen happens in these organisms when 


R it] er, it 
sham \t this 


oblong 


iSCs 


assumes an 


point one may se¢ what 
at each end of the 


then the 


© two nuclel. one 


organism. The organism narrows at 


center, a process which continues until the two 


separating amebae are connected by a narrow 
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band \t this the resembles a 
dumbbell. The connecting band then appears to 


stretched as if 


point structure 


become somewhat tension were 


being applied The band consists of a narrow, 
rather dense strand which extends between the 
daughter cells and which becomes wider at the 
point where it connects with the cell. Surround 
ing this strand is a much wider band which is 
quite transparent, but which seems to be sur 
rounded by a thin membrane, although this may 
be an artifact produced by the lighting. After a 
few seconds, the band suddenly separates and the 
two ends pull into their respective cells. The 
cell division are shown in 


various stages ol 


Fig. | 


fica in modified CLG medium making contact sug 


Two trophozoites of Entamoeba histoly 


gestive of The two trophozoites 


These 


contact for be 


conjugation a 


approach each other b) Contact oceurs 


amebae were seen to remain in 
tween 2 and 3 minutes, during a portion of which 
time the dividing line between the cells became 
indistinct. These photographs were reprinted from 
a movie photographed 
2 000 


In phase contrast. X ap 


proximately 
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Fic. 2 
The cell begins to constrict in the center 


c) The daughter cells are now connected by 


a narrow band which appears to be stretched 


OF ENTAMOEBA HISTOLYTICA 


Various stages in the cell division of the trophozoite of Entamoeba histolytica in culture. (a) 
I 


b) The constriction continues and the dividing cell elongates. 


d) The band 


connecting the daughter cells separates and the two ends are drawn into the daughter cells. (e) The 


daughter cells are now completely 


tographed in phase contrast 


Not ther 
thin, hairlike line connecting the 
cells. Harris 
This line may 


Figure 2 infrequently remains a 
two daughter 
also described this same thin line. 
persist for some time, becoming 
apart. It then 


disappears. The whole process is usually accom 


longer as the amebae migrate 
plished within 3 to 8 minutes 


Harris 


observed an ameba in a stool specimen dividing 


\s mentioned previously, (1894) 


into three. This process has also been observed in 


separate d and | egin to form pseudopods 
Xx approximately 2,000 


teprinted from movie pho 


the present experiments. On two occasions, this 
has been recorded on film. The original division 
occurs in the and this 
process is then followed almost immediately by 
another division of one of the daughter cells. 
this 


manner just described 


Sometimes second division results in the 


production of two daughter cells of equal size; 


but it may result in the production of one small 
ameba, whose diameter is only one-third or less 
that of the other daughter cell. Despite this very 
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Fic. 3 


division results in the production of two daughter cells of approximately equal size as shown in (ce 


the fine line connecting the daughter cells in (¢ 


SCANLAN 


\ trophozoite of Entamoeba histolytica divides into three daughter cells 


AND IRALI 


a) and (b) The first 


. Note 
now divides again. 


)} One daughter cell [left in (c 


This division resulted in the production of a small ameba, which behaved in all ways as a typical E. his 


lolytica trophozoite 


small size, the ameba behaves in all ways as a 


t\ pical E histol ytica trophozoite (see Figure 3) 


DISCUSSION 


Whether or not 
described 


division into three, as just 
above. is Aa 


with the 


Re moval 


normal occurrence Ww ith 


this strain or species is, of course, un 
the tube and 


reduction of temperature might possibly lead to 


certain trom culture 


profound changes in the organism, resulting in 


unnatural division processes. In support of the 


view that this may not be an unusual occurrence 
is the repeated observation of very small amebae 
in routine 48- to several 


72-hour cultures of 


strains of FE. histolytica in S-F and related media 
The occurrence of these very small, but typical 
trophozoites in routine cultures has presented 
somewhat of a mystery for several vears. It has 
posed problems in doing counts for growth curves 
and in determining phagocytic indices.‘ These 
cells do not 
culture, 


comprise a large portion of any 
the order of 1 to 5%. This 
likely explains the 


amebae. As 


being of 
observation 
these 


present quite 


origin ol small mentioned 


previously, Harris evidently saw this same typ 


Re printed from movie photographed in phase contrast 


xX approximately 2,000 


of division occur in a stool sample. Cleveland 
and Sanders® reported observing ‘‘multiple fission 
without encystment”’ in culture 

Pan® has recently reported excellent propaga 
tion of F. histolytica at a temperature as low as 
33°C in the presence of certain hemoflagellates. 
Thus, cell divisions at temperatures well below 
37°C are evidently possible under circumstances 
other than those described here. 

So far, no observations have been made on 
nuclear division, although trophozoites with two 
nuclei (see Figure 4) have been seen frequently 
No cells with more than two nuclei have been 
seen, although multiple divisions indicate that 
they probably occur, 

Craig’ reported observations suggesting that 
conjugation may occur in E. histolytica, and 
Dobell* indicated a belief that such a phenomenon 
may The 


present observations are, as pointed out previ 


occur in recently excysted amebae 


ously, highly suggestive and it is to be hoped that 
further study will vield definitive evidence. 


SUMMARY 
The 
histolytica 


cytoplasmic division of Entamoeba 


trophozoites has been studied in 
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Fic. 4. Two-nucleate trophozoite from 36-hour 
culture of Entamoeba histolytica in modified CLG 
fixed 


stained with 


X approximately 2,000 


medium, with formalin and 


Lawless stain 


culture in a medium which is a modification of 
the CLG medium of McDade and Shaffer. The 
entire been 


has motion- 


picture film, Contacts between two trophozoites 


process recorded on 
which are suggestive of conjugation have been 
repeatedly observed. 


The process of division consists of a simple 
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binary fission in which a narrow band is formed 
between the dividing cells. This band becomes 
stretched and then separates rather suddenly. 
A thin, hairlike connection sometimes persists 
between the daughter cells for a period of time. 
The whole division process is usually completed 
within 3 to 8 minutes. 

On several occasions a single trophozoite has 
been seen to divide into three and this has also 
been film. Sometimes the three 
daughter cells are all the same size; but, in other 


recorded on 


instances, one of the daughter cells is much 
smaller than the other two. It is suggested that 
this may explain the occurrence of very small 
amebae in 48- to 72-hour cultures of large race 
strains of EF. histolytica in routine Shaffer-Frye 
and CLG media. 
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PREVALENCE Ol 


ROBERT B 


The Wellcome Research Labo 
\t the beginning of World War II Faust! pub 
lished a paper on th pre valence of amebiasis in 
the Western Hemisphere, in which he estimated 
the prevalent e of amebiasis in the United States 
approached 20 per cent. This was much higher 
than the estimate made by Craig? of 5 to 10 pet 
cent of the population harboring Entamoeba his 
tolytica. Toward the end of World War II Craig, 
Snell‘ and a number of others predicted an increase 
in amebiasis with the return of large numbers of 
troops who had wequired the infection overseas 
in k 
United States failed to appear, : 
Vi 


iverage prevalence in the 


The predicted Increase histolytica infec 


tions in the is 
demonstrated 5) several my 
Hardy® estimated the 


United States to b 


estigators 


3.9 per cent, which is much 
the ngure riven by the 


below y Craig? before wal 


FH 
Gl 


yl 


idm rdmitted food handler 


isvm isvmptomatl gastrointestinal 


bac bacillar grade 


child 


ehr 


childret hosp 
Hs 


med 


hospit il 
high school 


medical 


chronic 
cCly civilian 


clin clini mem member 
def 
diar diarrhea 


dys.—dy 


elem 


defective ment mental 


mil.—military 


senter misc miscellaneous 


elemental OS—overseas service 


employ emplo ped pediatrics 


fam.—famil) per.—persons, personne! 
Whilk the present data 
Magath’ published a } 
that the 


States may 


were being compiled, 


maper in which he concluded 
amebiasis in the United 
Miller? had 


previously estimated that the postwar prevalence 


alence of 


less than 1 


pre\ 
bn per cent 
of amebiasis in Canada was about 1 per cent 

In order to develop a clearer picture of amebia 
North America north of Mexico 


was made for all papers which gave data on sur 


Sis In ul search 


veys of any 


1945, the 


group and which were published in 
World War II, or latet 


Some surveys were begun prior to 1945, but the 


last vear of 
date of public ation was used as a basis of sele 
tion. Only troops surveved in the United States 


or Canada, not overseas, were used to determine 


the prevalence in military personne! 


AMEBIASIS IN THE UNITED STATES AND CANADA 


BURROWS 


Tuckahoe. Vew Yo hk 


atories, 


PROCEDURI 


All be located 
checked for ty pe ol persons examined, number of 


surveys which could were 


specimens obtained, technics used, percentage 


found to harbor E. histolytica, and other related 
information. Altogether results of 166 surveys on 


nearly a quarter of a million were found, or more 


than one person in every thousand of the popula 


tion of the United States and Canada. Results 
were tabulated and the following paragraphs ex 
plain the procedure and abbreviations for each 
column of Table 1 

Personnel 


In order to 


information in this column, it was 


surveyed and locality. 
condense the 
to use abbreviations, which are as fol 


hHhecessary 


lows 


POW 


priv 


prisoners of war 
private 

pts patients 
TB 


retard 


pul pulmonary tuberculosis 
retarded 
arth 


rheum rheumatoid arthritis 


rheum spond rheumatoid spondy litis 


sch school 
stud student 
svm symptomatic, symptoms 
university 


Veterans 


univ 
VA 


vet 


Administration 


veterans 


The 


majority of investigators gave either the average 


Average number of specimens per person 
number of specimens per person or the total 
number of specimens examined, so that the aver 
age could be determined. Some gave no informa 
tion or were rather vague. The abbreviations used 
in the table are as follows: E 
tive; PC—posteathartic; and PR 


If all specimens were postcathartic, PC 


enema; L—laxa 
proctoscoped. 
follows 
the number; but if only some were postcathartic, 
the PC is enclosed in parentheses. 

the 
1PC means 5 normal and | 
$2 (1PC 


average of 4.2 specimens per person, with | being 


Several examples will help clarify pro 


cedure used, 5 


postceathartic specimen means an 


postcathartic. 5.2 (pe) means an average of 5.2 
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TABLE 1 
Summary of surveys 





% E. hist. | 
Est. No 


factor surveyed a ae Ref. 
Act. | Theor. | 


Aver. no. 


Type and locality specimens 


Technics 








Military Personnel—Overseas Service—WW II and Korea 





Al | Army, Ga. Be DTFH 
A2 | Army, Calif. 3. DIFH 
A3 Air Force, Fla. 34 , DIFH 
A4 Army, Que. 3+7 DIF? 

A5 Military, Manit. 

A6 Mil. FH, Korea serv., } 

A7 Marines, N. C. 








Average percentage.... 











Military and Civilians Interned by Japanese—WW II 








Mil. POW, Que. 5 + 1PC DIFH ! 453 
Mil. POW, Manit. : | DIF : 

| Mil. POW, Calif. : | DIFH 
Mil. POW, N. Mex. | FIhe 

| Civ. repatriates, N. Y. DIFhe 

| Civ. repatriates, Calif. | 2. | DIFHe 

| Mil. POW, several areas 





Average percentage se eaen tees eer h = S Seane 13.4 








Military—Mostly Continental Service—Some with Overseas Service 








— : 
1,273 | 1 
1,153 
14,744 


So 


Army, Ga. 
Navy, Calif. 

| Navy, Calif. 

| Mil. with GI sym., Il. 
Enlistees, Manit. 

| Enlistees, Manit. DIF 
Marines, N. C. DIFh 
Mil., Naval Hosp., Md. DFit 

| Army, AF, Marines, Calif. a DFSithe 

| Navy recruits, Ill. DITFs 

| Mostly mil., Calif. DIFHS+ 


DTFH 
DIFHe 
DTFh 
DIFCh 
DITF 


oo+1om 


ee WOWwWN eK we 
=) 


co) 





NwWNrK WH RK we DO 
CWONN ASO WHK AD 


0.1 
5.6 
4.2 
3.5 
2.0 
0.0 
0.6 
1.5 
3.8 
4.6 
6.1 








Average percentage. . 3.8 





4 


Veterans 
Vet., VA hosp., Tex. 8 DFS 
Vet., VA hosp., N. C. i DFS 
Vet., VA hosp., N. C. | §.2(pe DIFth 
Vet., VA hosp., Ga. | 2.6PC DITHSe 

| Vet., VA hosp., Ga. DISHC 

| Vet., VA hosp.; Md. | ca.é DIFshe 
| Vet., VA hosp ‘ | 3-6 DITFC 


| Vet., VA hosp., Wise. DIFh 
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TABLE 1—Continued 





| 
} % E. hist. 
Est. No 


Aver. no. | No. 
factor | surveyed | 


onesie Technics 


Type and locality } 
Act. | Theor. 





Veterans—Continued 
Vet., VA hosp., Ill | 
Vet., VA hosp., N. Y. 
Vet., VA hosp., Calif. 
Vet., N. ¥. 
Vet., N. Y. 
Vet., Ont. 
| 





~v 


DIFs 

? 
DIFe? 
DIFe? 
DIF 
| DITFCh 
| FH 


D 
fe) 





wo = a 
SSN acer 
oonwoowr © 


Vet. with GI sym., Ill. 
Physicians, OS, chr. diar., 
Ill. 
Vet. stud., Wisc. 
Vet., lowa 


w 


| DIFH 
| F 
| 


' ' 


oo 


~~ Cw 
ao 








Average percentage 








Mental Institutions 


Low gr. ment. def., N. Y. i | Fih 
High gr. ment. def., N. Y. ? | Fih 
Ment. def., N. Y. 2.! | DIF 
Asym. ment. pts., N. Y. 2.6 DIF 
Sym. ment. pts., N. Y. | 4 | DIF 
Ment. pts., Ohio ; ? 
Ment. pts., Ind 3. | DFSTH 
Pts. with bac. dys., Ill. ‘ | DIF 
Pts. with chr. diar., Ill , | DIFCH 
Ment. pts., Iowa , | DISH 
Ment. pts., 8. C. 2. DIF 
Feeblemind. child., Miss. . | DIFH 
Ment. retard. child., Calif. | 3. DIHs 
Ment. retard. child., Calif. 

Ment. retard. child., Calif. 

Ment. retard. child., Calif. 

Ment. retard. child., Calif. 
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k 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 


— eet 
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Average percentage 
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Eskimos, Bethel area, 
Alaska 
Eskimos, Kotzebue area, 5. ‘Ss 11.2 | 100 
Alaska 
10 villages, Kuskokwim ’ | 3. 1,261 
River area, Alaska 
9 fish camps, same area , |} 3.0 | 419 
Eskimos, Southampton Is., | | 4.0? 31 
N.W.T. 
Eskimos, Igloolik, N.W.T. " 4.0? 97 
Ft. Chipewyan, Alberta . 5.0 140 
Boys, orphanage, Ont. 1.0 
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TABLE 1—Continued 





% E. hist. 
Aver. no. 


Type and locality specimens 


Technics 


Est. | No. 
factor surveyed Sete. nee 
| Act. | Theor. 


General Public—Alaska and Canada—Continued 








| Child., orphanages, Sask. 5.0 3 | f 0. 
| Old men’s home, Ont. 3+ 0 | ‘ 20. 
| Med. stud., Queen’s Univ., 3+? 4. 

Que. 


Average percentage 








General Public—Northern United States 








| 
| 


Hosp. pts., Boston, Mass. | ? DIFh 5.0? 
Residents, Albany area, Difh 1.4* | 
ms 5. 
Employ., ment. hosp., ? Fib 
Wassaic, N. Y. 
Asym. pts., New York,N. Y.| 1. F 
Asym. employ., ment. hosp., | 3.4 DIF 
New York, N. Y. 
Sym. employ., ment. hosp., 9. | DIF 
New York, N. Y. 
GI clin. pts., Brooklyn, N. Y. 
Pul. TB pts., New York, 
2 
Clin. pts., New York, N. Y. 
Ped. pts., hosp., Phila- 
delphia, Pa. 
U. S. born Puerto Rican 
child., Philadelphia, Pa. 
Puerto Rico born child., 
Philadelphia, Pa. 
Puerto Rican child., Phila- 
delphia, Pa. 
White child., Philadelphia, 
Pa. 
Negro child., Philadelphia, 
Pa. 
Pts., Cleveland, Ohio 
Pts. newly adm. to ment. 
hosp. from Ohio 
Sym. pts., Cleveland, Ohio 1-3?PC 
Employ., woodworking 2.0? 
plant, South Bend, Ind. 
Employ., control plant, 1.0? DSH 
| South Bend, Ind. 
Mem. fam., woodworking 1.0? DISH 
employ., South Bend, Ind. 
| College per., NW Ind. 3. | DFHTS 
| Gl clin. pts., Chicago, Ill ? 
| FH, Chicago, Ill. 
| GL hosp. pts., Chicago, IIl. 
| GI pts., Chicago, IIl. 
GI pts., Chicago, IIl. 
































TABLE 1—Continued 





| | % E. hist. 
Est. No. 
| factor | surveyed 


| | Act. Theor. | 


Aver. no. 


Group Type and locality specimens Technics 





General Public—Northern United States—Continued 





GI pts., Chicago, Ill. | 2. | DIFc_ | 


Asym. pts., Evanston, Ill. ‘ DITCfh | 
Sym. pts., Evanston, Ill. | 3. | DITCfh | 
Sym. pts., Evanston, Ill. 6 DITCFh | 
| Med. stud., Chicago, Ill. 2. | DIH_ |: 
FH, Chicago, IIl. , | DIF 
| Chr. diar. pts., clin. for poor, FH 
Chicago, Il. 
| Chr. diar. pts., county hosp., | 4. DIFH ; 1,587 
Chicago, Il. 
Chr. diar. pts., adults, priv. | DITFCH . 617 | 
hosp., Chicago, Ill. 
| Chr. diar. pts.,child., priv. | 3. | FH 
hosp., Chicago, IIl. 
Displaced per., Detroit, | ca: DIC 
Mich. 
Clin. pts., Detroit, Mich. | ca‘ | DIC 
Misc. pts., Detroit, Mich. | ca! DIC 
Univ. stud., Madison, Wisc. DIFH 
Civ. FH, VA hosp., Wisc. DIFh 
Hosp. pts., lowa City, Iowa : | DIHf 
Child. hosp. pts., Des : ee | F 
Moines, Iowa 
Pts., Scotts Bluff Co., Nebr. | 1. | DIH 
| FH, Scotts Bluff Co., Nebr. | 4 | DIH 
Residents, Scotts Bluff Co., : | DIH 
Nebr. 
Non-Mexican whites, Scotts : | Fih 
Bluff Co., Nebr. 
Mexican residents, Scotts | 1. | Flh 
Bluff Co., Nebr. 
Immigrant Mex. laborers, | 1.0 Fih 
Scotts Bluff Co., Nebr. 
Amer. Indians, Scotts Bluff 1.0 Fih 
Co., Nebr. | 
| 
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200 
325 
458 
237 
796 
207 | 
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Rheum. arth. pts., Wheeler, 
Ore. 
Rheum. spond. pts., Wheeler,|, 2 + (1PC) DIF 
Ore. | 
Med. stud., Wheeler, Ore. 1 DIH 
| Residents, Wheeler, Ore. 4. | DI 
Clin. pts., Wheeler, Ore. 4.5 | DIFH 
Rheum. arth. pts., Wheeler, 5.6 DIF 
Ore. 


2 + (1PC) DIF 


Average percentage (excluding G52-G57).. 








General Public—Southern United States 

= = or ee — 4 | 
| Pts. suspect. of amebiasis,| ca3 DIFH? 1.2? 1,337 

USPHS hosp., Baltimore, 
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TABLE 1—Continued 








| | 
| pe | % E. hist. 
a st. No. 
Technics | sactor | a... 1. | 
| Act. Theor. 


Aver. no. 


Type and locality specimens 








General Public—Southern United States—Continued 








| Pts. suspect.of amebiasis, | ? DSH 1.0? 426 
Washington, D. C. | 
Hosp. pts., Richmond, Va. | 1.6 DIFSe 
Residents of 8 areas in | 1.0 DIS 
eastern Ky. 
| Hosp. pts., Memphis, Tenn. | 3-6 DIH : 246 
| Residents, south. part Fay- cad IF 
ette Co., Tenn. 
Residents, housing projects, 3.0 DIFe ‘ 733 
Memphis, Tenn. 
Rural residents, New Hope | 3.0 DIF 
area, Tenn. 
Pts., Memphis, Tenn. DIHC 
Rural elem. sch. child., E. 2 DIfh 
Tenn. 
Rural HS child., E. Tenn. ; DIfh 
FH, Chapel Hill, N. C. | 1.0E DITF 
| Hosp. pts., Winston-Salem, : DIFth 
YR 
Sch. child., Forsyth Co., , DITF 
N.C. 
Urban pts. newly adm. to | 1. DIFth 
ment. hosp., 8. C. 
Rural pts. newly adm. to | 1. DIFth 
| ment. hosp., 8. C. 
Low income residents, At- | { DIFH? 
lanta, Ga. 
| Newly adm. pts., ment. DIFh 
hosp., Ga. 
Employ., ment. hosp., Ga. DIFh 
| New employ. and fam., ment.| DIFh 
hosp., Ga. 
| Clin. pts., Florence, Ala. | DIF 
Mildly sym. pts., Mobile, | DIF 
Ala. | 
Clin. pts., Ft. Deposit, Ala. | DISH 
Clin. pts., Greenwood, Miss. | 2. DITF 
Negroes, Yazoo-Mississippi | 3. DIF 
delta, Miss. 
Priv. GI pts., New Orleans, | ‘ DIF 
La. 
GI pts., hosp., New Orleans, 
La. 
Hosp. pts., New Orleans, La. | ‘ 
| Priv. pts., adult, New Or- et j 65.6 
leans, La. | 
| Priv. pts., child., New Or- : 68.3 
| leans, La. 
| Hosp. pts., New Orleans, La. .2 | 816,891 | 4.1 


| 


2.5 3,674 
4.5 


843 
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TABLE 1—Continued 





Aver. no. 


Type and locality specimens 


Group 


General Public—Southern United States—Continued 


IPR 


H32 Pts. suspect. of amebiasis, 
New Orleans, La. 
FH, SE Okla. 
Sch. child., SE Okla. 
Clin. pts., Temple, Tex. 1+ 
Civ. FH, San Francisco area,| 1.2 
Calif. 
Mil. dependents, San Fran- 
cisco area, Calif. 
Chinese stud., Los Angeles, 
| Calif. 


H33 1.0 
H34 
H35 
H36 
H37 1.3 


| 


‘H38 2.0 


Average percentage 


specimens, with some patients supplying post- 
cathartic specimens. 3+(pr) means that 3 or 
more specimens were obtained from each patient, 
with some patients being proctoscoped. 3 (PC, 
E, PR) means that one specimen each of post- 
cathartic, enema and proctoscoped material was 
used. 1-4+ means that 1 to 4 or more specimens 
were obtained. 

Technics. As expected, there was a variety of 
combinations of technics used in the survey. 
Rather than attempt to list every technic used, 
the types of technics were abbreviated. 

C—culture 

D 


direct or saline examination 
flotation technics, such as the zinc sulfate, 
brine, etc. 
hematoxylin or other permanent stains 
iodine stain for cysts 
sedimentation technics, such acid- 
ether, AMS III, deRivas, etc. 
-temporary stains for trophozoites, such as 
Quensel’s, MIF, V-W-O, etc. 
Technics which were used routinely are given 


as 


in capital letters, whereas those used on some 
patients or occasionally or when indicated are 
given in small letters. In some cases no mention 
of technics was made in a paper. In other cases 
the technics were not listed, but other papers by 
the same author stated the technics used and 
these are given in the table, followed by a ques- 
tion mark. In several cases the method of stool 
preservation was stated, such as PVA and for- 


% E. hist. 
Est. 
factor 


No. 


surveyed mae Sr Ref. 


Act. Theor. 


Technics 








DIF 
DIFC 
DIFC 
DIh 
DFSithe 


DFSithe 








malin, and the technics were inferred, as, in the 
case mentioned, direct with iodine, formalin- 
ether sedimentation and hematoxylin, followed 
by a question mark. 

Estimated factor. In order to determine the 
theoretical prevalence of amebiasis in a survey it 
was necessary to select a factor based on the 
average number of specimens per person and the 
types of technics used. The data given in Table 
2 of the paper by Sawitz and Faust® were plotted 
on a graph, with the left ordinate representing 
percentage and the abscissa showing the number 
of stool specimens. The right ordinate was then 
marked off with the factors which would give the 
theoretical 100 per cent. For example, if the 
average number of specimens was 2.2 and the 
technics were direct, iodine and flotation, ap- 
proximately 40 per cent of the E. histolytica in- 
fections would be found and the factor required 
to bring it to 100 per cent would be 2.5. 

Due to the fact that Sawitz and Faust did not 
evaluate temporary stains for trophozoites, cul- 
ture methods, or sedimentation technics and due 
to the great variety of combinations of technics 
used in the surveys, it was necessary to inter- 
polate in many cases to get an estimated factor. 
A purged specimen was considered as the equiva- 
lent of three normally passed specimens. In some 
surveys the investigators themselves estimated 
the theoretical percentage of EZ. histolytica and 
their figures, indicated by an asterisk, are given 
in the table. 
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As people in institutions, particularly mental 
institutions, are subject to constant reinfection 
and usually show heavier infections, which are 
more readily found on examination, the estimated 
factor was halved or listed as 1.0. 

In three of the surveys the percentage of stool 
specimens with E. histolytica rather than the 
percentage of persons with E. histolytica was 
given by the investigators. In order to estimate 
a factor for this, the writer compared the per- 
centage of total stools positive with the per- 
centage of patients positive in three of his surveys 
(C9, H36, 37) and found that the percentage of 
positive patients was about 20 per cent higher 
than the percentage of positive specimens. There- 
fore, the factor of 1.2 was used for the designated 
surveys (C8, H21, H31). 

Unfortunately, the most important item in 
estimating a factor could not be used, namely, 
the competency of the investigator making the 
survey. As the prevalence in some surveys was ab- 
normally low or abnormally high, it is obvious 
that the ability to identify FE. histolytica was de- 
ficient in these cases. 

Number surveyed. The presence of c (= circa) 
refers to an approximate figure and s indicates 
that the number of specimens rather than the 
number of patients was used in the source paper. 

Actual prevalence of E. histolytica. In the ma- 
jority of surveys the percentage infected was 
given. However, this had to be computed for 
some surveys, as only the number examined and 
the number infected were given. In one survey 
(D6) the prevalence was based on the percentage 
positive for E. histolytica out of the number 
positive for parasites rather than of the number 
surveyed, and this had to be corrected. 

Theoretical prevalence of E. histolytica. The fig- 
ures in this column were obtained by multiplying 
the actual prevalence by the estimated factor. In 
some cases the investigators themselves made an 
estimate of the theoretical prevalence and their 
estimates are given in the table, followed by an 
asterisk. 

References. The numbers in this column refer 
to the numbered list of references at the end of 
the paper. 


RESULTS 


The essential data of 166 discovered surveys 
are summarized in Table 1 and are grouped 
according to the types of personnel surveyed. 
Inasmuch as wide ranges of prevalence exist in 
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each section, the average for each section may be 
somewhat closer to the actual prevalence; and 
inasmuch as the true prevalence probably lies 
between the actual and theoretical averages, 
both averages are given. 

As was expected in military personnel with 
overseas service and veterans (sections A, B and 
D), the average prevalence, between 12 and 22 
per cent, was much higher than in other military 
personnel (section C), with a prevalence between 
4 and 8.5 per cent. However, an even higher 
average prevalence, of 25 to 27 per cent, was 
found in patients in mental institutions (section 
E). 

Although the average prevalence for Alaska and 
Canada (section F) was between 6.5 and 8.5 per 
cent, the presence of three institutionalized 
groups (F8-10) caused a higher than expected 
prevalence. If these three groups are omitted, the 
average prevalence is between 2 and 4 per cent. 

The United States was divided into two sec- 
tions, northern and southern, with the 40° paral- 
lel as the dividing line. States entirely or largely 
above this parallel were placed in the northern 
section and the remainder were considered to be 
in the southern section. In the northern states 
(section G) the average prevalence was between 
8 and 15 per cent and in the southern states 
(section H) it was between 12 and 17 per cent. 
Six surveys (G52-57) were not used in the 
northern average, as all percentages appeared 
abnormally high. 

All of the average percentages are too high, as 
E. histolytica, E. hartmanni and, probably, some 
E. polecki were grouped together as EF. histolytica. 
In a few surveys the numbers of so-called large 
and small races of E. histolytica were given and 
these are summarized in Table 2. From these 
limited data it appears that FE. histolytica is 
slightly more prevalent in military personnel, in 
veterans and in the southern United States than 
is E. hartmanni, whereas E. hartmanni is more 
prevalent in Alaska and Canada and in the 
northern United States. 

If the average of 34 per cent E. histolytica 
(Table 2) is applied to Alaska and Canada, the 
average prevalence, excluding institutionalized 
groups (F8-10), would be close to 1 per cent 
rather than 2 to 4 per cent. When the average of 
43 per cent is applied to the northern United 
States, the average prevalence of EF. histolytica 
is around 3 to 6 per cent rather than 8 to 15 
per cent. If the average of 57 per cent is ap- 
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TABLE 2 
Surveys in which large and small races of E. 
histolytica were recorded 





% large % small 
| race race 
| 


No. infections Reference 





Military and Veterans 


95 


31 | 77. 22 
710 55.2 | 44 
541 9.5 50. 
116 36 33 
1,091 

40 70. 

40 | 32. 67. 





63.2 | 3. 





ASR DOSE & 


47.: 


Alaska and Canada 


0.0 
60.0 
42.8 


34.3 


Northern States 


33.3 | 66. 
59.¢ 
44.{ 
59. 
34. 





¢ u 
Awwaws 


40. 
54. | 45.8 
47 .< | 62. 
73.5 
49. 51. 


Aver. 56.8 43.2 


* Recorded as E. histolytica and E. hartmanni 
rather than as large and small races. 


plied to the southern United States, the average 
prevalence of E. histolytica is about 7 to 10 per 
cent instead of 11 to 17 per cent. 

Inasmuch as a disproportionately large num- 
ber of the surveys made in the United States 
dealt with hospital or clinic patients, with office 
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patients having gastrointestinal complaints, or 
with groups suspected of having a fair amount of 
amebiasis, the revised figures given in the above 
paragraph are probably still too high. The esti- 
mated prevalence for the northern United States 
would then be not more than 2 to 4 per cent and 
for the southern United States, not more than 
4 to 6 per cent. 
DISCUSSION 

The present study of the prevalence of amebiasis 
in North America north of Mexico indicates that 
amebiasis is not as prevalent as some previous 
estimates have indicated. It appears that ap- 
proximately 1 per cent of the population of 
Alaska and Canada may be infected, that about 
2 to 4 per cent of those in the northern United 
States may harbor the infection, and that the 
prevalence in the southern United States may not 
be more than 4 to 6 per cent. 

Miller’s® estimate of approximately 1 per cent 
for Canada is in agreement with the present 
analysis. The estimate made by Craig? of 5 to 
10 per cent for the United States is high, as the 
average appears to be below 5 per cent. Faust’s! 
estimated prevalence of close to 20 per cent is 
much higher than the theoretical prevalence of E. 
histolytica and E. hartmanni combined. A prev- 
alence of 3.9 per cent obtained by McHardy® 
was based on the totals for large and small races 
of E. histolytica, as was done in previous esti- 
mates.!:? If McHardy’s data are used to com- 
pute the averages for the northern and southern 
United States, an average of 2.2 per cent is ob- 
tained for the North and 5.6 per cent for the 
South. If, to eliminate Z. hartmanni, these figures 
are halved, the average for the North becomes 
about 1 per cent and for the South about 3 per 
cent, which are slightly less than that of the 
present study. On the other hand, Magath’s’ 
estimate, which excludes EF. hartmanni, of less 
than 1 per cent for the United States appears to 
be too low. 


SUGGESTIONS FOR FUTURE SURVEYS 


Before a more accurate picture of the prevalence 
of amebiasis in the various sections of the United 
States can be obtained, it will be necessary for 
many more surveys to be made. Certain impor- 
tant aspects of such surveys are discussed below. 

1. There should be more surveys made of the 
normal population from various social and 
economic levels and fewer surveys of hospital and 
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clinic groups, although specimens from the lat- 
ter are much easier to obtain 
2. To increase the accuracy of a survey, efforts 


should be 


each person with one, if possible, following a 


made to get several specimens from 


saline purge. Arrangements should be made for a 
portion of each specimen to be placed in PVA 
fixative immediately after passage, if some hours 
will elapse before the specimens are examined. 

3. The technics used should include a direct or 
saline preparation, the use of temporary stains 
for cysts and trophozoites, a concentration tech 
nic for cysts, and the use of a hematoxylin stain. 
Even though the time of the average technician 
is limited and hematoxylin staining is somewhat 
time-consuming, it should be used, at least, on 
all specimens appearing to have F. histolytica 
cysts or trophozoites, as it is the most effective 
method of differentiating F. histolytica, EF. hart 
manni and EF. polecki from each other." 

+. In reporting the results of a survey, /. histo 
lytica, FE. and EF 


listed separately, as done by 


hartmanna polecki should be 
and 


h istol jtwa the 


Was Brown 


Garber.* In addition, under £ 


percentage of patients with amebic dysentery 


blood cells), 


centage with diarrhea, and the percentage of ap 


(trophozoites with ingested per- 
parent carriers should be stated. In the majority 
of surveys the bulk of the 
frank 


sent?®: 4 ® or 


patients will be car 


riers and amebic dysentery will be ab 


rare,°° and will probably 
be present in much less than 0.1 per cent of the 
population, although in institutions and in oc 
casional outbreaks, as at South Bend, Indiana,” 
there may be a higher perce ntage found 

is undertaken, the one 
organizing the survey should make certain that 


5. Before any survey 
the pe rsonnel doing the stool examinations have 


the technical competence necessary Tor the job 


SUMMARY 


\ study was made of the pr valence of Enta 


moeba histolytica as reported in 166 surveys on 
nearly a quarter of a million persons in the United 
States and Canada 

10 to 20 per 
United 


Previous estimates of cent 
States 


of the 


prey 
amebiasis in the 
found to be 
sion of EF, 


alence ot were 


much too high because inclu 


hartmanni and because the majority 
ol survevs were don on groups expected to show 
a high prevalence of amebiasis The present esti 


mate is that about | per cent or less of the popu 


lation of Alaska and Canada and less than 5 per 
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cent of the United States population harbor F. 
histolytica. 

Suggestions are made regarding procedures for 
future surveys. 
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New Orleans, Louisiana 


The diarrheas and the dysenteries of man 
the The 


present field study of intestinal parasites sup- 


have been little explored in arctic. 
plemented a larger investigation of acute intesti 
nal infections in Alaska, Finland, Norway and 
the 1954 to 1957." 
Survey sites were chosen because they represented 

other 
tundra, 


Greenland during years 


climatic and environmental features 


inherent in taiga and glacier-fringe 
terrain, the chief habitable topographic elements 
of the arctic 

The most extensive observations on intestinal 
Diphyllo 


arctic 


parasites were made in Greenland. 


bothriasis, of particular interest among 
populations, was investigated sufficiently in all 
four areas to identify broad differences arising 
from varying ecologic conditions. Without excep 
tion, work in the several regions was in active 
health 


these organizations 


collaboration with national and_ local 
agencies. Staff members of 
provided knowledge of the country, the people, 
and the language so essential to operations in as 
difficult an environment as the arctic 

alter a 
preliminary visit in 1956, was the West Green 
ol 
outposts or small settlements, all at the southern 
extremity of Disko Bay, about 69°N latitude and 
Arctic Circle 


is a commercial and fish packing center, a large 


The Greenland study area, chosen 


land town Egedesminde and nine adjacent 


150 miles within the Egedesminde 


town by Greenland standards, with a population 


* This study was sponsored by the Commission 
Environmental Hygiene Armed Forces Epi 
demiological Board, and supported in part by the 
Office of the Surgeon General Department of the 
Army, Washington, D. C 
Dr. J Clyde Swartzwelder and Mr Stanley \ 
Abadie of the Department of Tropical Medicine 
and Medical Parasitology, Louisiana State Uni 
versity, had an active part in the laboratory exam 
inations; and Dr. Edwin W. Brown, Jr., of the 
Harvard School Public Health, Boston, and 
Dr. Eyvind A. Freundt of the Statens Seruminsti- 
tut, Copenhagen, Denmark, in the field studies in 
Greenland 
+ Present 
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University of 
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Medicine, 
Medicine 
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School of 
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of about 200 Danes and 1,100 Greenlanders, the 
indigenous residents, who are mostly of mixed 
Eskimo and Danish The combined 
of the outposts 1,161, 
practically all of them Greenlanders. The range 
was to 210 inhabitants. Commercial 
fisheries are the main feature of the outpost 
economy, but some families depend on individual 
hunting, fishing and the state welfare benefits. 
Environmental and living conditions of the 
indigenous population resemble those of the 
\laskan Eskimos. Most of frame 
construction, and in the outposts few have more 


heritage. 


population nine was 


from 56 


houses are 
than two rooms. Some old-fashioned sod huts are 
still used. Frequently the entire family shares a 
common sleeping shelf along one wall. Privies are 
rare and during winter months the cold and snow 
discourage the use of those that exist. A few 
dwellings have chemical toilets, but the commode 
the method of excreta 
customarily emptied adjacent to the dwelling. 
Dogs approximate humans in numbers, and are 


is common disposal, 


efficient and universal scavengers of garbage and 
human excreta. The town of Egedesminde has a 
water supply system of pipes laid along the 
surface of the ground, with public faucets and a 
few indoor taps; it distributes water from a 
nearby lake during the frost-free summer months. 
In the outposts, the summer water supply is from 
streams or shallow wells, and in some communi- 
broken off the ever- 
present icebergs. Water is only to be had during 


ties from melting drift ice 


the many months of cold by expenditure of 
precious fuel to melt ice or snow. Consequently 


it is a scarce commodity and subject to easy 


contamination. However, common vehicle spread 
of intestinal infection is limited by the usual 
circumstance that each household is responsible 
for its own water supply. 

The icecap is the dominant feature of Green- 
land topography, and several glacial extensions 
reach into Disko Bay. A narrow strip of tundra 
runs along the coast; soil is limited. Trees are of 
the dwarf variety and plant growth is mainly 
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frequencies of individual protozoa and helminths 
are presented in Table 2, by age and place of 
residence. The small race of Entamoeba histolytica 
was detected in only one stool specimen. 

The more primitive social and environmental 
conditions presumably account for the 
sistently higher prevalence of all parasites in the 
outposts than in Egedesminde (Table 2). Between 
outposts the range was considerable. This finding 
was anticipated. 


con- 


Secause of its relative isolation, 
each community tends to develop its own para 


TABLE 1 
Single and muliiple infections with intestinal para 
sites in residents of Egedesminde and of nine 


contiquous outposts, by age, Greenland, 1957 


Four pore 
ence ot 

species pec I species 
— . . parasitn 
infection 


No. of One 
persons 


O-4 G4 30 
5-14 194 61 
15-44 272 101 
> 45 103 32 


Total 663 224 
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GREENLAND 187 
sitic pattern. Endolimax nana rates, for instance, 
varied from 10% to 49%, with a mean of 29%. 

Enterobius vermicularis was the only common 
nematode identified; eggs were found in seven 
stool specimens. Obviously the true prevalence is 
only to be had by examination of cellophane 
tape preparations, not done in these studies. 
Investigations by that method in Kotzebue, 
Alaska, gave infection rates of 43%, comparable 
to those of temperate regions.’ 

The survey failed to detect a single infection 
with Ascaris lumbricoides, an observation that 
characterized all three arctic areas studied. No 
hookworm infection was encountered, although 
the parasite has been reported from subarctic 
regions.® Presumably both infections have been 
introduced into the arctic at one time or another 
from temperate regions, but have failed to estab- 
lish themselves because of lack of soil and of 
other ecological conditions favoring embryonation 
of the eggs. 

Two types of trematode eggs were observed. 
The smaller eggs measured 24 to 28 by 12 to 14u 
and corresponded closely to those of Metorchis, 
probably MW. conjunctus. The larger ones were 
approximately 40 to 50 by 24 to 28u and most 
likely were from a species of Cryptocotyle, prob- 


TABLE 2 


Intestinal parasites in residents of Egedesminde and of nine outposts, Disko Bay, Greenland, 1957, by age 


Protozoa 
E. histolytica 
E. coli 
E. nana 
G. lamblia 
C. mesnili 


I. butschlia 


Helminths 

VW. conjunctust 

C. linquat 

E. vermicularis 
Parasites, all forms 71 86 
* Number in parentheses = number examined. 


+ Tentative identification based on eggs 


Prevalence per 100 persons 
Age in years Place of residence 
Egedes 
minde 
{ 169) 


All ages 


663 


Outposts 
(494) 
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the grasses, moss and lichens characteristic of 
tundra regions 

Travel to arctic Greenland during the ice-free 
months is by supply ships calling at west coast 
north 


ports as far as Thule and by occasional 


plane. During the long winter, radio and infre- 


quent air drops are the only means of outside 
communication, and local travel is by dog sled. 

The was made late 
June and the end of August, 1957, in order to 


take advantage of the better facilities for travel. 


present survey between 


(American staff members and their equipment 
were sent by the first supply ship of the year to 
Sondre Stromfjord, West Greenland, where they 
joined Danish colleagues for travel by coastal 
boat to Egedesminde. Headquarters and a field 
laboratory were established at the town hospital, 
and local transport between settlements was by 
motor boat of the district medical service. 


METHODS 


The survey of intestinal parasites was limited 
to indigenous Greenlanders; no study was made 
of either the transient or resident Danish popu 
lation. Medical histories and specimens of feces 
were collected from random families in the town 
of Egedesminde and in nine smaller settlements 
or outposts, all within 60 miles of Egedesminde, 
up or down the coast. The samples corresponded 
toabout 15°; of the Egedesminde population and 
12°; of the people living in the outposts. 

Household visits gave information on age, sex, 
occupation, current health, and history of diar 
rhea months for each 
household as the 


epidemiological unit insured adequate distribu 


during the previous 12 


family member. Use of the 
tion of persons by age and sex, especially since 
stool specimens were returned from 86°, of the 
779 people visited 

\ single fecal specimen for parasitological 
examination was collected Irom each household 
member in a 50-ml wide-mouth screw cap bottle 
containing 25 ml of the Merthiolate* preserva 
tive of Sapero and Lawless,‘ slightly modified. 
In KEgedesminde containers commonly were 
brought to the laboratory by a household mem 
Others collected by the staff public 


health nurse or forwarded from outposts by the 


ber. were 


local midwife. Specimens were packed for ship 


ment to New Orleans, of necessity routed by way 
of Copenhagen. 

Laboratory examinations and the identification 
ol species were made at the School of Medicine, 
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After 
specimen 


State 


shaking, the 


Louisiana University. vigorous 


preserved — stool was 
centrifuged at 1,500 rpm for 2 minutes and the 
supernatant The 


suspended in 10 ml of 


sediment 
10° formalin 
recentrifuged. After the supernatant was dis- 
carded, 10% 
malin-ether 


removed. was re- 


and 


formalin was added and the for- 
method 
preparations 
examined, one in physiological salt solution and 


concentration was per- 


formed. Two cover-slip were 


the other in iodine solution. 


OBSERVATIONS 


Prevalence of intestinal parasites. By single 
stool examination, parasitic infection, all forms, 
was at a rate of 72 per 100 persons (Table 1). 
Prevalence was greater in the more primitive 
outposts, 76%, than in the town of Egedesminde, 
where the rate was 60° (Table 2). These geo- 
graphic differences held at all ages and for all 
parasites. Children aged 5 to 14 years had the 
highest prevalence of infection, 92% in the out- 
posts and 73°, in Egedesminde. The age group 
0 to 4 from the outposts also had a high rate, 
86 per 100. In both locations prevalence among 
adults decreased progressively with age, to reach 
than 45 
outposts and 44° for the same age group in 


55° for persons more years old in 
Egedesminde. Infection rates were consistently 
higher for males than for females at all ages, 
and in the outposts as compared with the town. 
The differences were not great; for the series as 
a whole, 53°% of infected persons were males and 
47% were females. More persons had multiple 
than single infections, a finding especially pro- 
nounced in the outpost population and among 
children. 

Prevalence of intestinal parasites varied widely 
from one part of the arctic to another. Rates for 
\laska and Greenland were relatively high, 42% 
in Alaska® and 72° in Greenland. The frequency 
in the Malselv Valley of arctic Norway was 
strikingly lower, 11°,’ incident to the 


environment, an 


more 


favorable social agricultural 
economy and a milder climate, largely derived 
from the warming Gulf Stream. The results are 
comparable in that all studies were made at much 
the same time, all were based on single stool 
specimens, and laboratory procedures were 
similar. 

Intestinal out- 
numbered helminths in a proportion of about 10 


to |, Alaska.* The 


Kinds of parasites. protozoa 


3 times the ratio noted in 
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frequencies of individual protozoa and helminths 
are presented in Table 2, by age and place of 
residence. The small race of Entamoeba histolytica 
was detected in only one stool specimen. 

The more primitive social and environmental 
conditions presumably account for the 
sistently higher prevalence of all parasites in the 
outposts than in Egedesminde (Table 2). 


con- 


Jetween 
outposts the range was considerable. This finding 
was anticipated. Because of its relative isolation, 
each community tends to develop its own para- 


TABLE 1 
Single and multiple infections with intestinal para 
sites in residents of Eqedesminde and of nine 


contiguous outposts, by age, Greenland, 1957 


One wo re o preva- 
lence of 
parasiti 
infection 


No. of 


persons s] 


O-4 
5-14 
15-44 


> 45 


Total 
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sitic pattern. Endolimax nana rates, for instance, 
varied from 10% to 49%, with a mean of 29%. 

Enterobius vermicularis was the only common 
nematode identified; eggs were found in seven 
stool specimens. Obviously the true prevalence is 
only to be had by examination of cellophane 
tape preparations, not done in these studies. 
Investigations by that method in Kotzebue, 
Alaska, gave infection rates of 43°%, comparable 
to those of temperate regions.® 

The survey failed to detect a single infection 
with Ascaris lumbricoides, an observation that 
characterized all three arctic areas studied. No 
hookworm infection was encountered, although 
the parasite has been reported from subarctic 
regions.® Presumably both infections have been 
introduced into the arctic at one time or another 
from temperate regions, but have failed to estab- 
lish themselves because of lack of soil and of 
other ecological conditions favoring embryonation 
of the eggs. 

Two types of trematode eggs were observed. 
The smaller eggs measured 24 to 28 by 12 to 14y 
and corresponded closely to those of Metorchis, 
probably .W. conjunctus. The larger ones were 
approximately 40 to 50 by 24 to 28u and most 
likely were from a species of Cryptocotyle, prob- 


TABLE 2 


Intestinal parasites in residents of Egedesminde and of nine outposts, Disko Bay, Greenland, 1957, by age 


Protozoa 
E.. histolytica 
E. coli 
E. nana 
G. lamblia 
C. mesnili 
I. butschlii 


Helminths 

VW. conjunctust 

C. linguat 

E. vermicularis 
Parasites, all forms 71 86 
* Number in parentheses = number examined. 


+ Tentative identification based on eggs. 


Prevalence per 100 persons 
Age in years Place of residence 
Egedes 
minde 
(169) 


All ages 
663 


Outposts 
(494) 





ISS BABBOTT, 
ably C 
information on these species of trematodes were 
provided by Dr. Thomas W. M. Cameron. 

The trematode .V/. conjunctus was an infrequent 


lingua. Identification of the eggs and 


parasite of both town and outpost populations, 
where it was found more in males than in females 
and more in adults than in children. It has been 
observed on a few occasions as a parasite of man 
in Labrador and in other parts of northern 
Canada.® 

the 


a trematode tentatively 


({n unexpected finding was relatively 
Irequent occurrence ol 
identified as C. lingua, a parasite of birds and 
mammals, including dogs and cats, not previously 
The periwinkle and fish are 


described in man 


the customary intermediate hosts. It is a common 
animal parasite on the eastern coast of Canada 
its metacercarial stage is found in marine 
As with V/ 


were the 


W here 
fish 
cially 


conjunctus, older adults, espe 
hosts in the 
The parasite was identi 


males, common 
Greenland population 
fied only in the outpost population, where 9° of 
persons examined were infected; it was not found 
in Kgedesminde 

Particular attention was given Diphylloboth 
specifically D the 
of this tapeworm in north 


ruum sp., latum. because of 


Irequent occurrence 


temperate and subarctic areas. Among inland 
populations of northern Canada and especially 
in central Finland, D 
as 20' No extensive 
Arctic Circle, 


Kotzebue, 


latum rates range as high 
studies have been made 
100 


‘¢ 
O"¢ 


above the but a survey of 
Eskimos in \laska, 


harboring Dipl jllobothri 4m sp. This helminthic 


showed 


infection is slightly 
\laska 
11°, of 1,680 persons infected with the parasite 
No instance of fish 


encountered in Greenland nor in arctic 


more frequent in southwest 


subarctic where Fournelle et al.* found 


infection Was 
Norway 


The infection is | robably rare in the Egedesminde 


tapeworm 


region because the fish component ot the diet is 


predominantly from salt water. During winter 


ind s in arctic Finnish Lapland 


in 1956. the pre 


Summer surve' 
alence of diphyllobothriasis by 
£46, 
less than anticipated in view 


examination of single stools* was for 1,867 
persons, a Irequenc\ 
of the high rates in south Finland 
The 


histol jtica in 16° 


| mebiasis demonstration of Entamoeba 
ot persons ¢ xamined in arctic 
Greenland is not altogether surprising, when it is 
that this first 


described in St 


recalled infectious agent was 


Petersburg, Russia, the patient 
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TABLE 3 


Prevalence of intestinal amebae (Entamoeba his 


tolytica, E. coli or E. nana) per 100 persons, 


by age and sex, Egede sminde and nine 


Disko Bay, Greenland, 1957 


outposts, 


Male Female 


Amebic 
prevalence 


Amebi« 


Persons 
prevalence 


examined 


Persons 
examined 


0-4 15 
5-14 
15-44 
>45 


Total 


being from Archangel.!° Amebiasis is scarcely 
the tropical disease so often assumed. 

\s with other parasitic infections in Greenland, 
the rates for BE. 


greater for the outposts, 17°, than for the town 


histolytica were appreciably 


Persons aged 5 to 14 years 
were the most frequently infected (Table 3). 
Mixed infections with #. coli and E. nana were 
The over-all rate for E. 
nana 27%. 

histolytica, E. and &, 
their cysts and 


of Egedesminde, 12°, 


frequent coli was 57% 
and for E 
Because £. 


identified by 


coli nana 


were all because 
they are presumably transmitted in a like manner, 
the combined amebic prevalence rate was also 
calculated (Table 3). Brooke et al.!! developed 
this index of intestinal 
infection outbreak — of 
found 


measuring protozoan 


during an industrial 
amebiasis in 1953. A 
E histol ytic a, BE ( ola or EB 


as a single positive individual. Except for the age 


person harboring 


nana was considered 
group over 45 years, female rates exceeded 
numerically those of males, a finding noted also 
by Brooke et al J 


difference statistically significant. Peak infection 


but in neither instance was the 


occurred in the 5 to 14 age group for both sexes 
Except for males aged 15 to 44 years, amebic 
prevalence was consistently higher among out 
post residents than for people living in Egedes 
minde. Higher outpost rates were most marked 
in the age group 0 to 4 

On the basis of a single stool examination, 63 
of 138 families had £. histolytica infection. In 37 
the 


infected; 


households, only one person harbored 


members 
three infected 


parasite; in 16, two were 


and 8 families had members 
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Household 


members 


size ranged from two to thirteen 


with a mean of five persons. Seven 
thirteen. The 
infections in a 


histolytica 


cases existed in one family of 
relative infrequency of multiple 
that KE 


spread readily in Greenland populations, despite 


family does not 


suggests 


crowded dwellings and a low level of sanitation 


Household 


member information of 


visits provided for each family 


currently existing diar 


rhea and all acute intestinal illness of 1 or more 


days’ duration during the preceding 3 months 
If acute or chronic diarrhea is to be associated 
with the presence of E. histelytica, at least one 
clinical episode should have occurred within the 
previous 90 days. Experience has shown that 
recall of such events within 3 months is relatively 
accurate and complete; bevond that time it is not 
Of 641 


repr rted 


92 Q7 6 


persons interviewed, 234, or 37%, 
at least | 
diarrhea. Single 
E. histolytica in 45, or 19°, of 


diarrhea 


day of current or recent 


stool examinations revealed 


those reporting 
Fourteen per cent of persons with no 
history of diarrhea were carriers of the parasite 
The similarity of rates suggests that this infec 
tious agent is not an important cause ol clinical 
illness in this arctic region. Rates for diarrhea 
were slightly higher among 100 people harboring 
E. histolytica (45°7) than for 541 
whom the protozoan demonstrated 


The field 


examinations 


persons 1n 
was not 


Qn ¢ 


(35%) inquiry and the laboratory 


were made by two independent 
groups of workers; the results of the two studies 
were correlated after their completion. In spite of 
16% 


an over-all infection rate of , amebic dysen 


tery apparently is not an important part of 


endemic diarrhea in Greenland. The frequency 
of infection is as high or higher than in many 
parts of the tropics. In Tennessee sharecroppers” 
in 1953 the frequency was 10.5% as judged from 
three fecal specimens collected at weekly intervals 
instead of a single stool specimen as in Greenland, 
direct and concentration technics being practiced 
in both instances 


DISCUSSION 


This first human 
intestinal parasites in arctic Greenland is more 
than for the 


differences it bears to studies of populations at 


comprehensive survey of 


remarkable for the similarities 
other latitudes. With the exception of two trema 
todes tentatively determined on the basis of eggs 


as VM. conjunctus and C. lingua, the parasites 
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found are those common in both tropical and 
temperate climates. A prevalence of parasites, all 
forms, of 72% is decidedly high and comparable 
to that of many tropical regions. The observation 
appears reasonable because of the similarity of 
the arctic and the tropics in respect to primitive 
housing, crowding within dwellings, and highly 
inadequate sanitary practices. In fact, the micro 
the arctic commonly 


climate within houses in 


comes close to being tropical. Dwellings often 
are kept unduly hot, and 19th century pictures 


of east coast Eskimo households show all family 
members wholly unclothed. 

\ study of acute bacterial intestinal disease 
in Greenland? led to the conclusion that trans 
mission is usually by direct contact. The observed 
frequency of intestinal protozoa, their endemic 
distribution, and the regularity of occurrence in 
the various outposts support that inference. 

The present survey was limited to the native 
Greenlander population. A 
subjected to the 
but to a different social situation would have 
value. The story is told that in 1957 a Dane 
entered a hospital in Copenhagen with an illness 
That possibility was 
dismissed when it was learned that he had spent 


study of Danes 


same physical environment 


suggestive of amebiasis. 


the preceding 6 months in Greenland. 


SUMMARY 

The over-all prevalence of intestinal parasites 
in arctic Greenland was 72°. The corresponding 
Alaska, 


examination, 


based on a single stool 


12%. In the 
climatic 


rate in also 


was Scandinavian 


arctic where social and conditions 
approximate those of north temperate regions, 
the prevalence was 11°. 

The Disko Bay 
differed from its 


Canada and Alaska and from residents of Fin- 


population of Greenland 


Eskimo neighbors of arctic 


nish Lapland in an absence of Diphyllobothrium 
species. 
The 


histolytica in arctic Greenland was 


Entamoeba 
16%, but 
clinical amebiasis apparently was responsible for 


observed prevalence — of 


only a small part of the prevailing acute intestinal 


disease. 


REFERENCES 
1. Gorpon, J. E., ANp Basport, F. L., Jr., 1959. 
Acute intestinal infection in Alaska. Pub. 
Health Rep., 74: 49-54. 


2. Gorpon, J. E., aNp Basport, F. L., Jr., 1959. 





BABBOTT, FRYE AND GORDON 


Acute intestinal disease in the arctic. Am. J. 8. Hirencock, D. J., 1951. Parasitological study 
Pub. Health, 49: 1441-1453 on the Eskimos in the Kotzebue area of 
GRONROOS, J. A., UurRasmaa, P., BaBBort Alaska. J. Parasitol., 37: 309-311. 
F. L., JR., AND Gorpon, J. E., 1959. Tar 9. CamEeROoN, T., 1944. The morphology, taxon 
minfektioner i det Finska Lappland Nord omy, and life history of Metorchis conjunc 
med., 61: 131-146 tus (Cobbold, 1860). Canad. J. Res., 22 (sect. 
SaPeRO, J. J., aNp LAwuess, D. K., 1953. The 1): 6-16 
MIF” stain-preservation technic for the 10. Léscu, F., 1875. Massenhafte Entwicklung von 
identification of intestinal protozoa. Am. J Amoben in Dickdarm. Arch. path. Anat., 65: 
Trop. Med. & Hygq., 2: 613-619 196-211 
Rivrcuie, L. S., 1948. An ether sedimentation 1] 
technique for routine stool examinations 
Bu {LS irmy M. De pt , 8: 326 a. © 
FOURNELLE, H. J., Watuace, I. L., anp Ra 


\ 
pER, V., 1958. A bacteriological and para Send, Indiana. III. Investigation of family 
sitological survey of enteric infections in an contacts. Am. J Hyq , 62: 214-226 
Alaskan Eskimo area im. J. Pub. Health 2. EyLes, D , 
48: 1489-1497 


Brooke, M. M., Metvin, D. M., SAPPENFIELD, 

R., Payne, F., Carter, F. R. N., Orrurt, 
AND Frye, W. W., 1955. Studies of a 
water-borne outbreak of amebiasis, South 


k., Jones, F. E., aNp Smita, C. 8S. 

1953. A study of Entamoeba histolytica and 

Wo6r1eN, P., Department of Public Health and other intestinal parasites in a rural West 
Social Assistance, Oslo, Norway. Unpub 


Tennessee community im. J Trop Ved & 
lished data, 1956 Hyg., 2: 173-190 





ADVANCED PULMONARY VASCULAR CHANGES IN SCHISTOSOMAL 


COR 


PULMONALE 


RICHARD L. NAEYE 


Department of Pathology. The Un 


The pathogenesis of the pulmonary vascular 


lesions associated with schistosomal cor pul 


monale has received considerable attention in 


'-20 Cor pulmonale is found in only a 


cted 


recent years 
and is 


small percentage of  infe persons 


invariably associated with hepatic involvement 


by the cirrhesis and portal venous 


Portal 


ova with 


hype rtension.! hypertension — fa 


cilitates the passage of Ova to the lungs through 


portal venous collateral channels and through 


The earliest 


apparently 


the 


hepatic vascular shunts 


pulmonary vascular lesions are 


related to these ova which lodge in small 


pulmonary arteries \fter initiating 


a focal granulomatous reaction in these vessels, 
ascular location 
the 
\lthough intimal 


the site ot 


ova usually pass to an extras 


the 


further obstruction of 


hed 
fibrosis and medial fibrosis eccur at 


through the 


where there is no 


pulmonary arterial 


such foeal 


assage 


lesions do not appeal enough or 


extensive enough to cause velopment ol 
pulmonary hypertension 
resistance’ > 1n 


asculal 


Phe high pulmonary 
related to more diffuse 
bed. 


widespread 


\] 
cases Is Usual) 


such 


lesions in the pulmonary arterial namely 


endarteritis, hvaline thrombi and 


intimal fibrosis 14 When these changes 


le SLOTS 


are advanced, angiomatoid may appear 
which rest mble vasculai glomuses and recanalized 

Neither th the 
the 


lesions has been 


study it 


patho 
significance of these 
established. 
that these 
entity but 


thrombi. structure, 


nol functional 


genesis 
angiomatoid fully 


found 


Was 


In the current 
angiomatoid lesions were not a single 
divided 
phologie patterns, each having a different position 
Probable differ 


two types ot 


rather could be into two distinct 
in the pulmonary vascular bed 
ences in the pathogenesis of the 


lesions are postulated 


SUBJECTS 


Historical, laboratory and gross autopsy data 
for five patients with schistosomal involvement 
Table 1. All had 


of the lungs are recorded in 


ersity of Vermont, College of Medicine, Burlington, Vermont 


lived in areas endemic for Schistosoma mansoni. 
Characteristic ova were found on stool exam- 
ination or rectal biopsy in three of the cases. 
Except for evidences of pulmonary arterial 
hypertension in patients 1 and 2, clinical features 
of respiratory and cardiac diseases were largely 
absent in these cases. Patient 1 was reported to 
have had slight cyanosis at rest. Liver function 
studies were abnormal in only two of the in 
dividuals (1 and 5). Three of the patients had 
hemorrhage from esophageal varices. 

Pulmonary arterial hypertension was 


sug 


gested in cases 1, 2, 


and 3 by the post-mortem 
findings of right ventricular hypertrophy, right 
the 


arteries and visceral congestion. There 


ventricular dilatation, dilatation of pul 
monary 
was no evidence of cor pulmonale in the other 
two cases. All five cases had schistosomal hepatic 


cirrhosis Case 4 had evidence of an old and case 


5 of a recent thrombosis of the portal vein. 
Post-mortem esophageal varices were described 
in all of the individuals. They had been known 


to exist for 1 to 8 vears in all but case 2. 


METHODS 


Tissue blocks from all lobes of the lungs were 
serially sectioned at 7u and stained with Ver 
hoeft’s Van 
sections stained 


and Gieson’s stains. Occasional 
and 
the 


vessels proximal and distal to them were re 


were with hematoxylin 


Individual angiomatoid lesions and 


eosin 


constructed from camera lucida drawings of 


serial sections. Brewer’s method was used, 


except that overlapping vessels were separated 
to facilitate 


models.”! 


visualization in two-dimensional 


RESULTS 


\ summary of microscopic pulmonary vascular 
lesions is found in Table 2. Old, calcified, and 
partially disintegrated ova were found in extra- 
the Their 
relationship to pulmonary 


vascular locations in all of 


cases. 
number bore no 
number of ova 


had the 


vascular changes. The greatest 


were actually found in case 4 which 
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TABLE 1 


, : 
Clinical and nec opsy obse 


H 
1. Age and sex 
2 Years awa 


,. First evidence of portal venous hy per 


from endemic area 


vears before death 


tension 


nosis 
Accentuation of P 
Right heart failure 
Laborato 

1. Hemoglobin (g 
ova in stools 


mm H.O 


t. Thoracic roentgenogram 


> S. manson 


3. Venous pressure 


Cardiac enlargement 
nl urged pulmonary artery 


5. Elect rocardiogram 


Ver ops 
l Weight of heart 
2. Thickness 
Right ventricle 


grams 


mm 
Left ventricle (mm 
3. Dilatation of right ventricle 
+. Dilatation of pulmonary artery 


5. Atherosclerosis pulmonary artery 
6. Schistosomal hepatic cirrhosis 
7 Esophageal varices 

8. Portal vein thrombosis 

9. Patent splenorenal anastomosis (opera 


tive 


Cause of deatht CF 


*(0, + and indicate, 


mation 
tCF,S 


and H indicate respectively, 


while the smallest 


number of ova were identified in patient 3 who 


mildest arterial alterations 


had severe pulmonary arterial lesions. The ova 


were found in alveolar walls and spaces as well 
as in peribronchiolar connective tissue. Usually, 
the only evidence of tissue reaction to the ova 


was a surrounding layer of foreign body giant 


cells 
In a few 


instances, the ova were surrounded 


by a wide granulomatous reaction (Figure 1). Ina 


respectively ’ 


rvations 


0 
0 
Myocardial 


disease 


H H H 


absent, mild, moderate, severe, and no infor 


congestive cardiac failure, septicemia, and hemorrhage. 


study of these granulomatous reactions with 
sections, angiomatoid areas were some- 
found. 
vascular channels were seen to be embedded in 
When the 
arterial elastic membranes were stained it was 
that 


were outside the pulmonary arterial bed. Re- 


serial 


times In these areas, multiple, small 


the granulation tissue (Figure 2). 


clear the angiomatoid vascular channels 


construction of one of these granulomas showed 


the relationship of the angiomatoid vascular 
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TABLE 2 
pulmonary chanae S 


Wie 


involvement of the lungs with ova of Schistosoma 


rosco pre in five cases 


manson (cor pulmonale lo ind in cases 1,2, 


and 3 but not in cases 4 and 5 


Changes in muscular 


. 


arlerves 
1. Thrombi 


2. Arteritis 
} 


Fibrinoid necrosis 

1. Intimal thickening 
Diffuse 
Focal 

5. Medial hypertrophy 

6. Angiomatoid lesions 
associated with 
ova 

7. Angiomatoid, plexi 
form lesions 


rstitial 


Extravascular, inte 
ova 

1. Calecified ‘ 

2. Non-calcified 0 


» 


*0, 1+, 2+, and 


3+ indicate, respectively, 
absent, mild or rare, moderate or occasional, and 


severe or frequent 


channels to the ovum and to the pulmonary 
arterial bed 3). These 


channels were presumably formed as 


(Figure angiomatoid 
part of 
the reaction to the implanted ovum. In some 
instances, reference to serial sections was neces 
for the of 
lesions since at many levels the ovum was not 
visible (Figure 3). In most cases, however, when 
the ovum was not visible at one level, its presence 


sary understanding nature these 


at a nearby level was suspected because of the 


large number of inflammatory cells present 
(Figures 1, 2). 

The most widespread vascular lesion in our 
cases was a proliferation of intimal endothelial 
cells, fibroblasts and occasional collagen fibers 
(Figure 4). This was most extensive in the three 
cases which had cor pulmonale and was most 
advanced in the small muscular arteries. Various 
gradations this intimal 


proliferative process and a second type of angi- 


were found between 
omatoid lesions, found only in the patients with 
cor pulmonale. Termed ‘plexiform structures,”’ 
this second type of angiomatoid lesion was not 


of 


COR PULMONALE 


Fic. 1. 


tosoma 


Granulomatous reaction about Schis 


mansoni ovum. Verhoeff’s and Van Gie- 


son’s stains. X 200 


associated with ova and was located entirely 
within the pulmonary arterial bed. In the simplest 
of such structures, the lumina of swollen muscular 
arteries were 

which 


replaced by connective — tissue 


through passed many tiny vascular 
channels having lumina the size of capillaries 
(Figures 5-7). These tiny, plexiform channels 
eventually emptied distally into one or more 
dilated branches of the parent muscular artery. 
The media of these distal arteries were often 
atrophic giving them a superficial resemblance 
to veins. However, in no instances were 
venous shunts found. These thin walled arteries 
always passed into the adjacent tissues to form 
normal pulmonary arterioles and capillaries. 


arterio- 


In some instances, the plexiform structures 
evolved into even more complicated structures 
in which the original arterial channel had ap- 
parently undergone an aneurysmal dilatation 
to many times its original size (Figures 8, 9). 
The wall of this vessel was often largely re- 
placed by fibrous tissue and its former lumen 
interlaced by an even greater number of tiny, 
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toid 


ovum in which the ovum is 


lesion associated with 


lhe lesion is the same 


Verhoeff s and \ 


etion 


in 


endothelial-lined vascular chan 


the 


istomosing, 


an 


than w simpler plexiform 
Chrombi 
distal, 


the 


he is seenh in 


is 
structures common in these tiny 


ch 


clustered 


were 


innels. The thin walled arteries often 


about arterv of origin befor 


Many 
at 


ol 
thi 
than 
the 


passing into arterioles and capillaries 


the plexiform structures were found 


point where arteries branched. Rarely, more 


branch of an artery participated 
formation of one of these 
to the 


to the 


om in 

structures 

In contrast thin walled distal arteries, 
plexiform structures had 


thickened. These 


advanced intimal 


those proximal 
greatly 
often had 
and | 
intimal proliferation and 
the 


ac 


walls which wer 


proximal arteries 


proliferative lesions ivpertrophied media 


This 


medial 


combination of 
narrowed 
Focal 
sometimes 
to the 


jlexiferm channels (Figures 6, 7). 


hypertrophy greatly 
these 


the 


lumina of proximal arteries 
intimal 


of these 


centuations ol 


pre ICCSS 


narrowed the lumina vessels 


size ofl the ] 


L. 
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Fig. 3 


ingiomatoid 


Reconstruction from serial sections of 


lesion associated with Schistosoma 


2). The ovum, outlined by a 
by 
vessels which have normal proximal connections 
thick 


mansoni ovum (case 


broken line, is surrounded numerous tiny 


walled) and 


the 


with a pulmonary artery 
distal 


bed. lr 
dotted 


normal connections with alveolar 


1 this case, the parent artery 1s 


Elastic 


ec ipill iry 


thrombosed area stains show 


this angiomatoid lesion to be outside the pul 
bed 


mona}; irterial 


Thrombi or emboli found 


thi 


were Ih Various 


parts of pulmonary arterial bed in four of 
Figures 3, 5). They were especially 

In patient 1, 
at the 


\s in other cases however, 


our patients 


common in patient 3 (Figure 10) 


thrombi were sometimes found site ol 


necrotizing arteritis 
they 


arteries 


were more often found in otherwise normal 
Necrotizing arteritis was rare in these 


patients, being found only in cases | and 3 which 


had cor pulmonale. The more common type ol 
all but of the 


patients, consisted of small numbers of lympho 


arteritis, which was seen in one 


cytes located in the adventitia and surrounding 


connective tissue of the small pulmonary arteries. 


No alterations were found in pulmonary capil 


laries or veins except at those sites where ova 


were lodged 
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Fic. 4 


cells 


Eecentric proliferation of endothelial 
fibroblasts the lumen 
Verhoeff’s 


and narrows of a 


pulmonary artery (case 3 Van 


x 700 


and 
Gieson’s stains 


DISCUSSION 


Widespread pulmonary arterial lesions were 


found in five 


in- 
In the three cases with 
ther« 


chronic 


patients with schistosomal 
volvement of the lungs. 
the 


mortem 


changes 
of 
hypertrophy 


most advanced were post 


evidences cor pulmonale 


including and dilatation of the 


right ventricle and dilatation of the pulmonary 


artery. Clinical signs of arterial 
in these included 
of the pulmonic sound, 
right heart failure, enlargement of the pulmonary 


artery 


pulmonary 
hypertension individuals 
accentuation second 
heart 
the 
sig- 
nificant the 
high such 
cases can be ascribed to the pulmonary arterial 
the pulmonary 
arterial bed were properly located to explain the 
high the 

wedge 
the 


on X-ray examination and right 


strain pattern In 


of 


on electrocardiogram 


absence of primary cardiac disease or 


pulmonary parenchymal disease, 


pulmonary vascular resistance in 


lesions.*: § 23 Lesions within 


resistance since normal 
these 


increased 


finding of a 
arterial 
that 


pulmonary pressure 


ot 


in 


persons suggests area 


COR PULMONALE 


Fic. 5. A developing angiomatoid plexiform 
lesion from case 3. The anastomosing channels of 
the plexiform lesion fill the dilated lumen of a 
muscular artery. Fresh thrombi are in some of 
the the plexiform channels 
coalesce to join the dilated, distal artery. Ver- 
hoeff’s and Van Gieson’s stains. X 200. 


channels, above; 


resistance is to be found proximal to the pul- 
monary capillary bed.*: * 

The diffuse proliferation of connective tissue 
in the walls of the pulmonary arteries was 
probably the major cause of the high resistance. 
This sclerotic process, which narrowed arterial 
lumina, those arterial 
segments involved by the plexiform structures. 


was most advanced in 
Here the arterial channel was often reduced to 
capillary size. Unlike a capillary however, the 
plexiform channels were embedded in connective 
tissue so that their walls were probably not 
easily distensible. Morphologically, the plexiform 
structures in our cases were indistinguishable 
from those seen in such disorders as congenital 
heart disease and primary pulmonary hyper- 
tension.“ In these other disorders, it has been 
postulated that they are responsible for the high 
of the circulation.” In 
series, such plexiform structures were found only 


resistance lesser our 
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Le 
bs 
Be 4 2 


of). 


- 


« 
O- 
; 


y vale a 
(s 


aS: OX 


ction through the plexiform lesion 


The 


Ww hich 


reconstructed in Figure 7 main mass of 


inastomosing channels is just above 


parent artery, is embedded in proliferated con 
throm 


x 200 


tissue of the channels are 


Verhoeff’s 


nective some 


ind Van Gieson’s stains 


bosed 


shaded The plexiform channels are long 


the 


A typical plexiform lesion reconstructed from. serial 


and narrow. 
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Ne ver 
it cannot be inferred that the plexiform 
the high 


in those patients with cor pulmonale 
theless, 
structures solely 


were responsible lor 


resistance which 


As 


pulme nary vascular Was pre 
intimal 

other 
segments of the pulmonary arterial bed in these 
The other 


In these 


sumably present already noted, 


sclerosis sometimes greatly narrowed 
angiomatoid 
to 


resistance It 


individuals tvpe of 


lesions found cases did not appear 


influence pulmonary vascular 


consisted of recently formed vascular channels 
which were part of the granulomatous process 
Although at 
times the vascular channels associated with this 
the 


the 


surrounding a schistosome ovum. 


lesion superficially resembled plexiform 


structures, they were outside pulmonary 
arterial bed 

rhe pathogenesis of the intimal proliferative 
lesions in schistosomiasis is not fully established. 
\ diverse pathogenesis has also been attributed 
to the structures. Other 
that they the 
consequence of reparative processes at the site 
This 


seems unlikely because in most instances ova 


plexiform 
stated 


complex 


investigators have are 


where an ovum was once implanted 
are 
not found in the area of the plexiform lesions, 
In the current th 


even in early cases.’ SETICS, 


patient who had the greatest number of ova in 


the lungs had the smallest number of plexiform 
lesions while the patient with the largest number 


walls are 


The 


sections (case | 


Dotted 


Arterial 


areas represent thrombi 


parent artery proximal to the plexiform lesion is greatly narrowed by intimal fibrosis. 





SCHISTOSOMAL COR PULMONALE 


Fic. 8. Section through the advanced plexiform 


lesion reconstructed in Figure 9. In the center, 
one of the plexiform channels is passing through 
the external elastic lamina of the parent artery 
preparatory to joining the main arterial channel. 
some of 


Van 


visible in 
Verhoeff’s 


Thrombi are the plexiform 


channels and Gieson’s stains. 


x 400. 


Marchand 
et al. have suggested that the plexiform lesions 


of plexiform lesions had few 


ova 


recanalized, hvaline thrombi, 
to the 


In other disorders, such 


may represent 


the consequence of an allergic reaction 
ova or their products.4 
plexiform structures can certainly develop after 
recurrent pulmonary emboli or thrombi.” It has 
been postulated in such cases that channels in 
arterial thrombosed 
repeatedly. As part of the 


process, the walls of the arterial segments enlarge 


the involved segments are 


and recanalized 
and are gradually replaced by connective tissue.” 
This might be the pathogenesis of the plexiform 
structures in schistosomiasis 


since pulmonary 


arterial thrombi or emboli were common in four 
of the current cases 

It may be significant that 
those 


cor pulmonale only 


develops in schistosomiasis in 


eases ol 





Fic. 9. 
form lesion from serial sections (case 1 
shaded dotted 
thrombi. Fragments of elastic lamina pass around 


Reconstruction of an advanced plexi- 
Arterial 
walls are and areas represent 
the mass of plexiform channels suggesting that 
this area was once a large branch of the parent 


artery. 


which there is a co-existing hepatic cirrhosis with 
portal venous hypertension.+* “© In an earlier 
study of portal hypertension it was postulated 
that recurrent emboli may occasionally arise in 
the portal system and pass to the lesser circula- 
tion via large collateral channels.2° Pulmonary 
found in 
some of the patients in that study who had 


arterial plexiform structures were 
developed cor pulmonale. Evidences of old or 
recent portal venous thrombosis were found in 
two of the 


anastomoses in two of our patients could have 


current cases. Patent splenorenal 
provided ready access to the lesser circulation 
for emboli originating in the portal system. In 
any case, the recurrent deposition and organiza- 
tion of thrombi must have an important role 
in the development of advanced stages of the 
plexiform lesions. Such thrombi in varying 
stages of organization were common in channels 


of plexiform structures in all of the cases where 
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Fic. 10 
muscular pulmonary 


embolus in 
Verhoeff’s 


Organizing thrombus 


artery (case 3 


and Van Gieson’s stains. X 200 


such structures were found in the current study. 
The 


might 


necrotizing arteritis in two of our 


cases 


have been a consequence of the hyper 
tension rather than part of its cause, since in 
other instances such necrosis has been found to 
be a nonspecific reaction to hypertension.” 

It is also possible, however, that the various 
forms of arteritis were a reaction to schistosomal 


*” Medial 
trophy, found in the pulmonary arteries of our 


products.*; @ & muscular hyper 
cases with cor pulmonale, was almost certainly a 
consequence of the hypertension rather than 
part of its 
is sometimes related to hypoxemia,?* cyanosis 


cause Although such hy pertrophy 


was noted in only one of the current cases and 
then only for a short period before death. Hypox- 
emia is not characteristic of schistosomal cor 
pulmonale* and none of the pulmonary arterio 
venous fistulae described by other authors were 
in the study. 


found current 


SUMMARY 


Five 


involved 


are described in which the lungs 


cases 


were by ova of Schistosoma mansoni. 


L. NAEYE 
of 
of 


reconstructions made from serial sections, two 


Three of these individuals had evidences 


chronic cor pulmonale at death. By the use 


types of angiomatoid lesions were found in the 
lungs. One type was found only in the cases with 
cor pulmonale. Dilated segments of the pulmo- 
nary arterial bed were replaced by connective 
tissue through which passed mauy, tiny vascular 
channels having a plexiform pattern. Part of the 
high pulmonary vascular resistance in these 
individuals was ascribed to constriction of the 
arterial bed in these areas. The development of 
these lesions was apparently unrelated to the 
direct deposition or movement of schistosome 
ova. The second type of angiomatoid lesions did 
to 


resistance, being outside the pulmonary arterial 


not appear influence pulmonary vascular 


bed. It was directly related to ova and the granu 


lomatous reaction whic!: surrounds them. 
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STUDIES ON THE STANDARDIZATION OF THE INTRADERMAL TEST FOR 
THE DIAGNOSIS OF BILHARZIASIS 


IRVING G. KAGAN, J 


Immunologic and serologic techniques are 


becoming increasing more important for 
diagnosis and prevalence studies of bilharziasis 
a vast amount of work has 
kinds of 


parts of the world 


For over 30 vears 
been published, and many antigens 
have been used.':? In many 
the intradermal test is being used for prevalence 
studies. In order that results obtained by various 
groups can be compared and evaluated it is 
important that some attempt be made to stand 
test 


known 


ardize the With intradermal injections of 


antigens of nitrogen content and with 
standardized criteria for reading and interpreting 
the test, a start can be made in evaluating the 
tool 

In the following paper the results of a survey 
Minas 
prepared in the United States from lyophilized 


adults 


usefulness of this immunologi 


made in Gerais, Brazil, with antigens 


and cereariae of Schistosoma mansoni 
collected in Puerto Ricot and antigens prepared 
Brazilian 


in Brazil from lyophilized adults of a 


strain are presented. Protocols were designed to 
obtain information on the following questions 
a) Are 
different 
from different geographical strains comparable 


Is there 


antigens of S 


with 


mansoni prepared in 


laboratories material obtained 


in activity? (b a relationship between 
the nitrogen contents of the antigens and their 
What are the 
and, (d) sex on the 
( \re there 
skin tests performed on the 
back? (f) Which 
use in the 
different ag 
be used for 
It is 


reactivitv? (¢ influences of age 


of the skin test? 
reactivity 


reactivity 
differences in between 
arm and on the 
intigen is recommended for 
test individuals of 
What criteria should 
interpreting the skin test? 

that the results of these studies 
toward the 
test tor 


peated 


intradermal with 


es and sex? (g 


hoped 


will contribut standardization of 


the intradermal bilharziasis. Such 


studies should be re with antigens from 


* | s Department of Health 
Welfare, Public Health Service, ( 
Disease Center, Atlanta, Georgia 
Instituto Nacional de Endemias 

Horizonte, Brazil 

t We wish to thank the U. S 
Research Medical | San Juan, Puerto 
Rico, for providing lyophilized cereariae and 
idult worms of S. manson 


and 
‘ommunicable 


Education 


Rurais Belo 


Army Troy 


jcal 
iborator 
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other schistosome species in order to determine 
whether the criteria adopted from these observa 
tions are valid for other parts of the world. 


MATERIALS AND METHODS 


Experimental Subjects 


\ll the individuals tested in this 


were infected with S. mansoni and were passing 


program 


eggs 
The first study, conducted in Belo Horizonte, 
600.000 located 300 


Janeiro in an endemic 


a city of approximately 


miles north of Rio de 


focus for bilharzia, utilized 50 boys between the 
ages of 9 and 15, living in an agriculture school, 


and 40 military police between the ages of 20 


and 26. The boys were engaged in field work 


and were frequently eX sed to cereariae of S 
mansoni from Australorbis glabratus found in the 
small streams and irrigation ditches in the area. 
The military police, all with chronic, untreated 


had 


Brazilian states, but all 


bilharziasis, been recruited from many 
Belo 
Horizonte and were not exposed to cercariae of 


These 


90 individuals were separated into 4 groups and 


were stationed in 
S. mansoni during the course of the study 


were tested as follows: 

Group 1. Twenty-five boys were skin tested 
on the back with 6 antigens and a merthiolated 
The 
(A) a saline extract of adult worms and cercariae 
, 20 ug N/ml; (B) Chaffee 


worms 


saline control antigens employed were 
(Puerto Rican strain 
extract of adult and 
58 wg N/ml; (C) Chaffee’s antigen (B) diluted 
1:2 with merthiolated saline, 30 wg N/ml; (D) 
Melcher extract of adult 
P.R.), 22 ug N/ml; (FE 


adult worms and cercariae (P.R 


cereariae (P.R.), 


worms and cercariae 
bicarbonate extract of 
, 39 ve N/ml; 
(F) schistosomin, a bicarbonate extract of adult 
Belo , 20 pg N/ml; and (G) 
merthiolated saline control, 0 mg N/ml 


worms Horizonte 


Group 2. Twenty military police were skin 
tested on the arm with the same antigens used 
in testing group | 


skin 


tested on the back with the same antigens used 


Group 3. Twenty military police were 


with group | 


Group Twenty-five bovs were skin tested 





INTRADERMAL TEST 


on the back with the same antigens used above, 
after the nitrogen contents had been adjusted to 
approximately equivalent values. These nitro- 
gen-equivalent antigens are identified as follows: 
(H) Chaffee mixture B diluted to 23 ug N/ml; 
(1) Chaffee adult antigen, 22 ug N/ml; (J) bicar- 
bonate extract mixture E diluted to 21 ug N/ml; 
(K) bicarbonate extract of adults (P.R.), 24 ug 
N/ml; (F) 
Chaffee extract of adult worms (B.H.), 24 ug 


4 


schistosomin, 20 ywg N/ml; (L) 


N/ml; and (G) saline control. 

The second study, conducted in Medina, a 
city of only 3,000 people located about 500 
Belo 


utilized 123 


miles northeast of Horizonte in a highly 


endemic area, men, women and 
children. 
with S 
program. Prior to the present investigation, Dr. 
Paulo Magalhades, Chief of the Medina Sector 
Public 
947 


single 


\gain, persons known to be infected 
mansoni were studied in the evaluation 


of the Department of Endemic Diseases, 
Health had 


people for bilharzia. Examination of a 


Service of Brazil, surveyed 


stool on each revealed a prevalence of bilhar- 


ziasis of 77.2%. The prevalence of infection in 
in the 6 to 11 


. RO7 . 
gTOUDp, SO 03 


the 1 to 5 year group was 31%; 
12 to 20 
and 20 to 40 year group, 70° O- 


vear group, 86%; veal 
Infected indivi- 
skin 
and in 5 groups each individual was tested with 
and F, 

Group 45. Twenty-three 
1 to 6 years old, 


duals were selected randomly for testing, 


three antigens, B, E as follows 
young children (17 
boys, 6 girls), were tested on 
the back 

Group 6. Twenty-five girls, 9 to 15 years old (a 
majority between 10 and 12), tested on 


the back. 


Group 


were 


Twenty-five boys, 9 to 15 vears 


old (a majority between 12 and 14), were tested 
on the back. 

Group 8. Twenty-five women, 20 to 50 years 
of age, were tested on the forearm and also on 
the back, 
jected at both sites 


Group 9. Twenty-five men, 


each of the three antigens being in 
aged 20) to 55 
vears, were tested on the forearm. 


Technique of the Test 


The volar surface of the right and left fore 


arms was used scapular and 
right and left 
back 


Bovs and men were requested to remove 


(Figure | The 
both 
were used for the test on the 


interscapular regions, side, 
(Figure 2). 


their 


FOR BILHARZIASIS 201 
shirts, and the tests were made approximately in 
the middle of the scapula; whereas women and 
girls were skin tested above the dressline on the 
scapular and regions near the 
neck. With a 27-gauge, one-fourth inch platinum 
needle attached to a 0.25-ml tuberculin syringe, 
0.05 ml of antigen was carefully injected intra- 
dermally. Needles flamed between in- 
jections. All antigens were coded and the order 
in which they were used in the skin test was 
randomized so that bias from subjective and 


interscapular 


were 


positional factors was eliminated in the test. 


The test was read after 15 minutes by circling 


the wheal or induration with a ball point pen 
and pressing a sheet of paper which had been 
slightly moistened with alcohol over the wheal 
to transfer the tracing. The paper with the 
tracings was measured with a transparent 
plastic grid and the area of each wheal deter- 
mined.* After the wheals were measured, the 


tests were decoded and the data tabulated. 


Statistical Analysis 


The data obtained from the area of the wheals 
for the various groups were analyzed by an 
analysis of variance (F test). Individual variation 
was eliminated from the analysis when com- 
paring groups. When the F test was significant, 
the Tukey test* was used for comparison between 
this test if the difference 
two means equals or exceeds the 


any two means. In 
between any 
Tukey value, then the difference is significant 


at the 5% level of probability. 


Preparation of Antigens 

Adult 
prepared separately by the following methods: 
Saline extract. A suspension of 100 mg_ of 
lyophilized worms in 100 ml of 


worm and cercarial extracts were 


with 
1:10,000 Merthiolate®, was prepared by homog- 


saline, 


enizing for 5 minutes at 16,000 rpm in an ice 
bath. The homogenate was left at 4°C overnight, 
then centrifuged at 13,000 x G for 30 minutes, 
and the clear supernatant used, after appropriate 
tests. The nitrogen 
content of the adult worm extract was 48 ug/ml 


dilution, for intradermal 
and that of the cercarial extract was 104 ug/ml. 
\ mixture of equal parts of adult worm and 
cercarial extracts contained 78 wg N/ml; prepa- 
ration A is a dilution of this mixture. 

Chaffee modification of the 
Chaffee, Bauman and Shapilo technique, 100 


extract. By a 
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Fria. 1 


adult male on volar surface of forearms 


Skin test with schistosome antigens in 


Fic. 2. Skin test on back with 6 antigens 


various nitrogen concentrations and control. 


mg of lyophilized worms was ground with 60 ml 
of cold 5°C) anhydrous ether. The dry lipid 
free worm substance was then suspended in 15 
ml of veronal buffer (pH 7.3), allowed to stand 
at 4°C overnight, and then centrifuged at 13,000 
x G for 30 minutes. The clear supernatant was 
tests 


worm 


intradermal 
The adult extract contained 
80 ug N/ml and the cercarial extract, 38 ug N /ml 
Adult and cercarial extracts were mixed in such 


used for alter appropriate 


dilution 


proportions that equal amounts of adult and of 


cercarial nitrogen were present in the final 


solution. Preparations B, C and H are dilutions 


of this mixture 


Velcher extract. This antigen was prepared by 


the method described by 
antigen 


Melcher® for trichina 
\ 500-mg quantity of lyophilized worms 
was extracted with petroleum ether in a Soxhlet 
apparatus for 7 days. The dried delipidized 


material was extracted with 25 ml of 
buffer (pH 8.3 


a borate 


overnight at 4°C with shaking, 
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and centrifuged at 13,000 « G for 30 minutes. 
The clear supernatant was precipitated with 
0.2 N HC! in the cold at pH 4.8, and the pre- 
cipitate discarded. The acid soluble fraction was 
as the antigen. The adult 
N/ml; that from 
N/ml. Skin test 
mixing appropriate volumes 


used worm extract 


contained 620 ug cereariae 


contained 490 yg antigen D 
was prepared by 
(based on N content) of each and diluting with 
merthiolated saline. 

the 


was prepared, 


Bicarbonate extract. In manner as 
the 100 mg of 
lyophilized worms was homogenized in a modi- 
fied (NaHCOs, .275%; NaCl, 
5%: and Merthiolate, .02%). Adult extract 

N/ml and cercarial extract, 
80 ug N/ml. Equal volumes of each antigen were 


same 
saline extract 


Coea’s solution 


contained 40 yg 


mixed for antigen E. 

Schistosomin extract. Schistosomin was prepared 
in Brazil from adult schistosomes exactly the 
same way as the bicarbonate extract was prepared 
in the United States. This antigen (antigen F) 
was diluted 1:2 and contained 20 wg N/ml. 


Nitrogen Determinations 


Nitrogen content of antigens used in the skin 
test determined by the Koch-McKeekin 
micro-Kjeldahl method? The antigens 
oxidized with sulfuric acid and HO» and the 
nitrogen sulfate. The 
determined by direct 


was 
were 
retained as ammonium 


ammonium sulfate was 


nesslerization. 


RESULTS 


In the skin tests made in Belo Horizonte one 
set of 6 antigens was employed with a group of 
25 boys, age 9 to 15, and with two groups of 20 
military police, ranging in age from 20 to 26 
years. The results of these listed in 
Table 1. 


Analysis of 


tests are 


results obtained from boys in 
group | tested on the back indicated that there 
was a statistically significant difference between 
the responses elicited by some of the extracts. 
Two antigens, Chaffee mixture (with 58 ug N /ml) 
and (with 39 ug N/ml), 
differed from antigens A, C, D and F. There was 
no significant difference in activity between B 


and E. 
N/ml and Chaffee 30 ug N/m! was significant. 


bicarbonate mixture 


The difference between Chaffee 58 yg 


In the military police (groups 2 and 3), on the 


other hand, wheal areas on the back, regardless 
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TABLE 1 
Mean wheal areas in cm? for boys aged 9 to 15 and men aged 20 to 26 tested on the back and on the arm in 


, Brazil 


skin tests for bilharziasis with 6 antigens performed in Belo Horizonte 
Boys (25) Men (20) 


Back 
Antigen 


Mean 
wheal 
area, cm? 


Mean 
wheal 
area, cm 


% pos 


Saline mixture (A 
Schistosomin (F 
Melcher mixture (D) 
Chaffee mixture 1:2 (C 
Bicarbonate mixture (EF 
Chaffee mixture (B 

S.E 


. mean 


* Area of wheal 1 cm? or greater. 


of the 
equivalent 


antigen employed, were statistically 


when determined by analysis of 
variance. The same equivalence was found for 
wheal areas on the forearm with all antigens. 
When comparisons were made between wheal 
areas on the back and those on the forearm, in 
every instance the back response was greater. 
A separate analysis of wheals produced by two 
antigen extracts varying only in nitrogen content 
(antigen B, Chaffee, 58 ug N/ml; and antigen C, 
Chaffee, 30 ug N/ml), injected into the back of 
individuals in group 3, 


revealed a statistically 


significant difference in the two response areas. 


The fourth group consisting of 25 boys (age 
I 


ack with 6 


amounts of 


tested on the 


containing 


9 to 15) was skin 


antigens equivalent 
nitrogen and the following mean area of the 
1.71 
em? from antigen H, Chaffee mixture (adult and 


wheals for each antigen was obtained: 
cercariae, 23 ug N/ml); 1.88 em? from antigen 
I, Chaffee (adults, 22 ug N/ml); 1.77 em? from 
(adults 


cereariae, 21 ug N/ml); 1.97 em? from antigen K, 


antigen J, bicarbonate mixture and 
bicarbonate (adults, 24 ug N/ml); 1.96 cm? from 


antigen F, schistosomin (bicarbonate extract 
adults |B.H.|, 20 we N/ml); and 2.02 em? from 
antigen L, Chaffee (adults |B.H.|, 24 we N/ml). 
these data statistical 


significance between the response on the back for 


Analysis of showed no 
the means 
+0.11. Inspection of the 
data showed that the bicarbonate adult antigen 


any of these antigens. The 8. E. of 


for all antigens was 


prepared in the United States from worms ob- 


—) 
if 


a 
ao 
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Fic. 3. Skin test on back with 6 antigens with 
nitrogen concentrations adjusted and control. 


tained in Puerto Rico and the bicarbonate adult 
antigen prepared in Belo Horizonte from worms 
of Brazilian origin gave almost identical results. 
Although there was no statistical difference in 
the response shown by Chaffee adult antigen 
prepared in the United States and Chaffee adult 
antigen prepared in Brazil, we had the impression 
that the Brazilian antigen gave a stronger re- 
sponse. Figure 3 shows the tests as they appeared 
on the back of one boy. 

In Medina three antigens—B, E, and 
were employed in 


rF— 
5 groups of individuals of 
various age and sex (groups 5 through 9). The 
mean areas of the wheals obtained with these 
antigens and the per cent positive (area of 
wheal 1.0 cm? or greater) are listed in Table 2. 
In the tests on children 1 to 6 years of age 


(group 5), there was a significant difference in 
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TABLE 2 


Vean wheal areas in cm? for 5 groups divided according to age and sex in skin tests for bilharziasis with : 


antigens performed in Medina, Minas Gerais, Brazil 


Antigen F 
Schistosomin 
20 wg N/ml 


Mean 
wheal 
area, cm 


Children 1-6 
Girls 9-15 
Boys 9-15 
Women 20 
Women 20 
Men 20-50 


* 


Area of wheal 1 cm? or greater 


esponse between antigen F and antigens E and 
b. With the Tukey test there was no difference 
and B. In this group the 


between antigens E 


l-vear-old infected child was negative; the one 
2-vear-old, six of eight 
t-vear-olds, 


6 year olds 


3-vear-olds, two of four 


of seven 5-vear-olds, and two 


at least 
\nalvsis of the data showed no statistical 


SIX 


were positive with one 
antigen 
difference of the response to the three antigens 
with girls 9 to 15 vears of age 
the back or 
(group 9) tested on the arm 

In tested the back | the 


difference between the response with antigen F 


(group 6) tested 


on with women (group 8) or men 


bovs on group 7) 


and antigen B was significant, but no significance 
was found between antigens E and B. The mean 
area of wheals on the back in tests made on boys 


group 7) and on girls (group 6) was highly 


significant since bovs reacted much more in 


tensely to the same antigen. In women (group S 
the difference 
the Chaffe 

two antigens was significant only 


The 


in mean area of the wheals between 
other 

test 
difference between 
the back of 
furthermore the 


58 ug N/ml antigen and the 
when the 
on the back 


the 


wis mace 


the responses in arm in 


women was highly significant; 
reactions was higher when 


Although 


three antigens were 


percentage of positive 
th 
the 


not 


was performed on the back 
en the 


test 
differences betwe 
always significant, when significance was 
a linear relation 
the 
there was no signifi 
the 


In 


ed there appeared to be 
the 


obse I 


ship between nitrogen content and 


response. In men (group 9 


cant difference between the antigens when 


test was made on the arm (Figure 1 and 


Bi 


area, « 


Antigen E 
carbonate mixture 
39 ug N/ml 


Antigen B 
Chaffee mixture 
58 wg N/m 
Tukey 
value 
Mean 


wheal 


Mean 
wheal 
area, cm 


Fia. 4 
an infected individual 


Wheal with pseudopods on the arm of 


many instances intense reactions 


noted 
The 


very were 


(Figure 4) 


sensitivity of the test, calculated by 


recording areas of 1.0 cm? or greater as positive, 


is also tabulated in Table 2. The percentage of 
positive reactions in children | to 6 years of age 
and in girls 9 to 15 vears of age was relatively 
low, ranging from 35% to 72% for this group 
The of the test differed 
significantly when made on the arm and on the 
back. In men, there 100% 
reactions the arm, it not 
to test on the back 


sensitivity in women 


since was positive 


on was considered 


necessary 


DISCUSSION 


The this 


nished, we believe, data which can answer some 


results of limited survey have fur 


of the questions which were raised in the intro 
duction. We shall use data from this study and 
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studies made by the authors in Brazil, Puerto 
Rico and the United States which are as yet 
unpublished. 

In this survey schistosomin (antigen F) and a 
Chaffee adult antigen (antigen I) were prepared 
in Brazil and the remaining antigens in the 
United States from material (lyophilized adult 
worms and cercariae) prepared in Puerto Rico. 
The results of tests made on group 4 where the 
antigens were adjusted to the same nitrogen 
content indicate that the reactivity of these 
antigens was similar (Figure 3). The sensitivity 
of schistosomin and of a similar bicarbonate 
extract of Puerto Rican origin was also found 
to be the same in some of the groups studied in 
Medina. We can, therefore, conclude that anti- 
gens prepared from Puerto Rican or Brazilian 
strains of S. mansoni do not react differently in 
the intradermal test when the nitrogen content 
is adjusted. We can, perhaps, go one step further 
and say that all the antigens used in the skin 
test no matter how they were extracted appeared 
to be of equal sensitivity when adjusted to the 
same nitrogen concentration. Since the skin test 
antigens are basically aqueous extracts, a strong 
possibility exists that the reactive ingredients in 
each antigen used may actually be similar. 

Pellegrino et al. demonstrated a logarithmic 
relationship between areas of the wheal and 
dilution of the antigen in the intradermal test. 
In the two studies in Belo Horizonte, Chaffee 
extract with a value of 58 ug N/ml and a bi- 
carbonate extract with a value of 39 ug N/ml 
proved to be stronger in response than the anti- 
gens with approximately 20 wg of N. In the 
Medina tests when there was a statistically 
significant difference in response, the 58 yg 
N/ml antigen was always stronger and differed 
significantly from the 20 wg N/ml antigen. In 
only one test (women tested on the back) did 
the 58 wg N/ml antigen differ significantly from 
the 39 ug N/ml antigen when the Tukey test was 
used. However, whenever significance was 
found between the three antigens of approxi- 
mately arithmetic progression in nitrogen con- 
tent, there was found a linear relationship 
between the dose and the response. We can, 
therefore, conclude that between 20, 39 and 58 
ug N/ml a significant difference in response was 
noted. 

An influence of age and sex on the reactivity 
of the skin test in Brazil is clearly evident from 
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our surveys. Children 6 years of age and younger 
were poor subjects for the skin test. Analysis of 
the data indicates that with a 39 or 58 ug N/ml 
antigen only 1 of 9 children 5 to 6 years of age 
was negative whereas with the 20 ug N/ml 
antigen 4 of 9 were negative. As a group, children 
6 years of age or younger showed very poor 
skin sensitivity. Girls 9 to 15 years of age showed 
a much weaker response than did boys of the 
same age. The skin test in girls of this age with 
a 58 ug N/ml antigen was only 72% effective in 
detecting infection. When tested on the forearm, 
women 20 to 50 years of age were less sensitive 
than men 20 to 55 years of age, but when women 
of this age were tested on the back the response 
was the same as with tests performed with men 
on the arm. These results confirm the observa- 
tions of Martins® that men react more intensely 
than do women. We did not test children in the 
arm because Pellegrino et al.” showed a signifi- 
cant difference in response when children were 
tested on the arm and on the back. The back was 
always more sensitive. From our results and 
those of other workers it appears that children 
below 5 years of age should not be skin tested 
for epidemiological purposes; young girls show 
poor skin reactivity even when tested on the back. 
The reasons for these differences in response 
between the sexes are not known and may be due 
to hormonal difference or to the fact that, in 
Brazil, males possibly are more heavily infected 
than females. 

The results of the tests with men 20 to 26 years 
of age (groups 2 and 3) performed on the arm 
and back and the tests with women 20 to 45 
years of age (group 8) clearly indicate that the 
back is more sensitive than the volar surface of 
the forearm for the intradermal test. This 
supports the findings of Pellegrino et al.“ who 
did similar studies with children, and found that 
in children the back was distinctly superior to 
the forearm for the skin test. We can, therefore, 
conclude that for maximum sensitivity in girls, 
boys and women, the back should be used in the 
intradermal test. 

The results with group 4 showed no statistically 
significant difference between 6 antigens adjusted 
to practically the same N contents. In three 
tests (girls 9 to 15, women 20 to 50, and men 
20 to 55, all tested in the arm) performed in 
Medina there was no statistically significant 
difference between the antigens used. These 
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results indicate that the antigens were all similar 
in their activity in the skin test. The criteria 
which will have to be employed in selecting a 
skin test antigen may be dependent on the 
response of the antigen in normal individuals. 
Studies made by Pellegrino et al." show that a 
small percentage of non-infected individuals 
respond to injections of schistosome skin test 
antigen. The substance in the skin test antigen 
responsible for these reactions is not known. 
Another factor which must be considered is the 
efficiency of extraction or how much skin test 
antigen can be extracted from each milligram 
of dried worm. 

Both mixtures of adult and cercarial extracts 
and adult antigens were employed with no 
significant difference in sensitivity. In pre- 
liminary studies made in Puerto Rico (Kagan, 
unpublished) with antigens prepared in the 
United States, tests performed on 50 boys with 
both cercarial and adult antigens indicated 2 
boys were negative to cercarial antigen and 
positive to the adult antigen and 1 boy was 
positive to cercarial and negative to adult 
antigen and the remaining 47 boys reacted to 
both antigens. Although there is no doubt that a 
small percentage of individuals (6% or less) may 
react to one stage of the life cycle in the intra- 
dermal test and not to the other stage, for 
practical considerations an adult worm antigen 
is recommended since it is far easier to prepare 
large amounts of antigen from this stage of the 
life cycle. Moreover, there is no significant 
difference in response when the mixture antigen 
is tested with the adult antigen provided the 
nitrogen content of the antigen is adjusted. With 
the data to date we can recommend an adult 
worm antigen of 20 to 40 ug N/ml as the antigen 
of choice. Further studies have to be made on 
purification of the antigens so that nonspecific 
responses in normal individuals are decreased or 
eliminated in order that a sharper distinction 
can be drawn between non-infected and infected 
individuals in the skin test. 

The criteria for reading the skin test as well as 
the amount of material injected into the skin 
must be standardized. We believe that the 
method of Pellegrino and Macedo,’ wherein the 
area of the wheal is measured, is the method of 
choice because the technique is objective, ac- 
curate and gives reproducible results. In a review 
of the literature on the skin test, Pellegrino! 
considered all of the published techniques for 
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reading the skin test and concluded that measur- 
ing the area was preferable. Concerning the 
standardization of the amount of antigen in- 
jected, unpublished studies by Kagan in Puerto 
Rico and the United States clearly showed that 
when 0.01 ml or 0.03 ml of antigen was injected 
intradermally a significant difference in the 
wheal areas in positive persons occurred. Prac- 
tical consideration leads us to recommend that a 
dose of 0.05 ml be injected carefully in the skin 
test. This dosage can be measured accurately 
with a l-ml tuberculin syringe. In order to 
measure accurately smaller amounts of antigen 
injected intracutaneously smaller tuberculin 
syringes should be used. These small syringes 
may not be available in all parts of the world 
whereas 1-m] tuberculin syringes are usually 
available. Measuring 0.05 ml with a 1-ml tu- 
berculin syringe can be made with a high degree 
of accuracy; for uniformity and as a basis for 
comparison between surveys made by various 
workers, we recommend this procedure. 

In the interpretation of results two problems 
must be resolved. If the criteria of positive tests 
are too broad there will be many false positive 
tests in normal individuals, and conversely if the 
criteria for positive tests are too narrow there 
will be many false negative tests in infected 
individuals. Pellegrino et al.“ considered a wheal 
area of less than 0.9 cm? as negative, 1.0 to 1.1 
cm? as doubtful and 1.2 cm? or greater as positive 
reactions in the skin test for children and adults 
using 0.05 ml of a 20 ug N/ml antigen as the 
antigen dose. For clinical tests in individual 
cases these measurements may be adequate since 
it is far more important not to have false positive 
skin tests in such instances. For epidemiological 
studies 1.0 cm? or larger may be considered as 
positive. Pellegrino et al." found that children 
showing doubtful reactions (1.0 to 1.1 cm*) were 
all infected. In the present study analyses of 
174 skin tests in individuals 9 years or older 
showed 4 wheals 0.4 to 0.5 cm?, 11 wheals 0.6 te 
0.7 cm?, and 15 wheals 0.8 to 0.9 cm?, which 
represented 17% of the sample. The remaining 
wheals were larger than 0.9 cm*. We feel that 
adopting the criterion of 0.9 cm? or less as a 
negative reaction and 1.0 cm? or larger as posi- 
tive (which gives the tests an 85% sensitivity) is 
warranted in epidemiological studies. In in- 
dividual cases, however, a reading of 1.0 cm? or 
greater strongly suggests a positive test in 
children; but a test of 1.0 cm? or 1.1 cm? in 
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adults should be classified as doubtful, and 
infection verified by repeated stool examinations 
or rectal biopsy. 


SUMMARY 


Intradermal tests conducted in Brazil were 
made with antigens prepared in the United States 
from schistosome material collected in Puerto 
Rico and with antigens obtained and prepared 
in Brazil. No significant difference in activity was 
noted when the nitrogen content of the antigens 
was adjusted to the same levels. 

Tests indicate that the skin test is not very 
sensitive in detecting infections in children below 
5 years of age, that girls are less reactive than 
boys, and women less reactive than men. Tests 
were performed on both the arm and the back 
and the back was found to be the more sensitive 
site for skin testing. Women and girls were skin 
tested in the scapular region near the neck above 
the dressline. Reactions on the back in women 
are equal to those on the arm in men. Adult 
males can be tested on the arm but for maximum 
sensitivity all other individuals should be tested 
on the back. 

A dose of 0.05 ml of antigen containing 20 to 
40 wg N/ml, injected intracutaneously with a 
27-gauge needle, is recommended. The test is 
read after 15 minutes by measuring the area of 
the wheal. Areas of 1.0 cm? or greater are con- 
sidered positive tests. The antigen recommended 
is an adult worm extract. Further research is 
needed to eliminate nonspecific reactions of the 
antigen in the skin of normal individuals. 
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CEREBRAL AND PULMONARY 


EMBOLI FROM A RUPTURED HYDATID 


CYST OF THE LIVER 
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Rothschild Hadassah University Hospital and Hadassah-Hebrew University Medical School, Jerusalem, 
Israel 


The purpose of this communication is to pre- 
sent a case of a ruptured hydatid cyst of the liver 
which caused generalized peritoneal echinococ- 
cosis and pulmonary and cerebral Echinococcus 
emboli. The cerebral emboli, originating from a 
hydatid cyst of the liver, are believed to be the 
first reported in this condition. 


CASE REPORT 


D. A., a 26-year-old female, born and bred in 
Israel (Upper Galilee), was admitted to the 
Department of Neurosurgery of the Rothschild 
Hadassah University Hospital on May 17, 1953, 
in coma and with a right hemiplegia. Her illness 
had started 18 days previously with marked 
diffuse abdominal pain accompanied by vomiting. 
The following day the pain localized in the 
right iliac fossa. The patient had no fever and 
her bowel movement was normal. Acute appen- 
dicitis was suspected and she was hospitalized 
elsewhere. Her condition improved rapidly; the 
pain and vomiting disappeared soon after 
admission. Gynecological examination revealed 
markedly enlarged adnexae, the left being 
located in the pouch of Douglas. 

On May 13, 1953, the patient complained of 
generalized weakness and the same day a right 
hemiplegia developed suddenly. The following 
day her temperature rose to 39°C, and she lapsed 
into coma. 

Physical examination on admission revealed 
the patient to be in deep coma. The pulse rate 
was 64/minute; temperature, 38.2°C; blood pres- 
sure, 135/65 mm Hg. Respiration was normal. 
The left pupil was larger than the right and did 
not react to light. Ophthalmoscopy demonstrated 
venous congestion in both fundi with haziness 
of the disc borders. The erythrocyte sedimenta- 
tion rate was 65 mm in the 1st hour (Westergren) ; 
the leukocyte count was 20,000 per cmm, with 
7% eosinophils. 

X-ray of the skull revealed no pathology. The 
electroencephalogram showed generalized dis- 
turbances of cerebral activity, particularly in 
the left inferior frontal and anterior temporal 
areas. Ventriculography showed a shift of both 
lateral ventricles to the right. In addition, the 


left lateral ventricle was displaced downwards. 
The tentative diagnosis of an abscess in the left 
fronto-temporal region was made. 

A left fronto-temporal craniotomy was per- 
formed on May 18, 1953 (A. B.). After the dura, 
which was very tense, was opened, exploration 
of the brain revealed some increased vascularity ; 
but no pus was found on needling the brain. The 
intervention was, therefore, terminated after a 
temporal decompression had been performed. 
The patient died 8 hours after operation. 

At autopsy, the major findings were confined 
to the peritoneal cavity, lungs and brain. In the 
peritoneal cavity the omentum contained numer- 
ous nodules, 4 to 10 mm in diameter. Some of 
the nodules were yellow or white and elastic in 
consistency; others were grayish and of brittle 
consistency. Similar nodules were found in the 
peritoneum covering the inferior surface of the 
diaphragm (Figure 1), liver and spleen (Figure 2). 

In the inferior part of the right lobe of the 
liver, a ruptured cyst, 6 cm in diameter, was 
found. It contained yellowish-gray fluid and had 
white, glistening membranes. The cyst was 
limited by a capsule formed by thickened hepatic 
tissue (Figure 3). The uterus, the salpinges and 
the ovaries were small; they, too, were covered 
by numerous white cysts (Figure 4). 

The lungs were brownish-red in color; both 
lower lobes were shrunken, and in the bronchi 
brownish mucous fluid was found. There were 
no changes in the heart. 

The examination of the brain after fixation 
revealed that the left hemisphere was much 
larger than the right one as a result of marked 
edema. A large area of necrosis, occupying the 
greater part of the left frontal lobe and extend- 
ing to the midline, was found (Figure 5). In the 
anterior part of the left frontal lobe there were 
hemorrhages and a cavity, 2 cm in diameter, with 
irregular and granular walls. Multiple hemor- 
rhages and areas of necrosis were found also in 
both hemispheres and in the pons. Herniation 
of the uncus on the left with a pressure cone was 
also noted. 

The microscopic examination of the brain 
revealed large areas of softening, vascular throm- 
bosis and perivascular infiltration of granulo- 
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Diaphragm, inferior surface. Multiple secondary cysts. 
Spleen, secondary cysts on the capsule. 


Liver. Ruptured hydatid mother cyst. 
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Fig. 5. Brain 


multiple emboli of small hydatid cysts and cutic 


Hemorrhagic infarction due to 


ular debris 


Fic. 6 
Fig. 7 


Brain 
Brain 


Free cyst in tissue. X 1,120 


Sudan stain 
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Cysts inside gitter cells. X 
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Cysts, 20 
to 30 uw in diameter, lying free in brain tissue 


evtes, lymphoid cells and gliocytes 


Figure 6) or phagocytosed by gitter cells 
Figure 7) were observed in many areas. In some 
places vessels partially obstructed by cuticular 
debris were found (Figures 8, 9) 
the 


arteries were also found partially 


In one section of lung, medium-sized 
thrombosed. 
The thrombi, containing cuticular debris, were 
mostly localized on one side of the arterial lumen 
and were in the process of organization (Figure 
10). The the 
capsule of the liver and the spleen were covered 
full of 


tubercles 


intestinal serosa, the omentum 

which 
The 
formed by epithelioid cells and giant cells of the 


with granulomatous tissue, was 


eosinophils and tubercles were 
Langhans foreign body reaction types, and oc 


casionally contained phagocytosed small hydatid 


Figure 11) or cuticular debris (Figure 12) 
hooklets, 
numerous in the layer of fibrin covering 
The walls 


of the cysts were hyalin and eosinophilic; the 


cysts 


These cysts, as well as were partic 
ularly 


the serosa and omentum (Figure 13) 


cavities of the cysts were either empty or con 
tained spheroid hyalin material in their centers 
In some of them the wall was formed by hyalin 
In the walls of the 


concentric rings (Figure 14) 


1.200 
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Fic. 8. Brain. Artery occluded by cuticle. & 1,120. 

Fic. 9. Brain. Thrombosed artery with perivascular “‘cuffing.’’ X 160 

Fic. 10. Lung. Pulmonary artery partially occluded by debris of cuticle. & 340. 
Fic. 11. Omentum. Giant cell with phagocytosed eyst. 540. 
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12. Omentum. Giant cell with phagocytosed cuticle. & 540. 


13. Intestinal serosa. Echinococcus hooklets in fibrin exudate 
Fic. 14. Cyst with cuticle having concentric structure in intestinal serosa. & 1,200 


Liver. Brood ¢ ipsules inside the mother evst. K 540 
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mother cyst in the liver numerous brood capsules 
were found (Figure 15). 


DISCUSSION 


The peritoneum is the most frequent location 
of secondary echinococcosis. According to Dévé,! 
secondary peritoneal cysts co-exist with hydatid 
cysts of the liver in 15% of cases. Of 54 patients 
with hepatic echinococcosis admitted to the 
Rothschild Hadassah University Hospital, this 
complication was found in 5.5% only.2 Com- 
monly, the hepatic cyst ruptures into the peri- 
toneal cavity before it is diagnosed, rarely pro- 
ducing serious effects. This well-known fact is 
confirmed by the observation in the above- 
described case. The patient’s condition improved 
rapidly after the rupture of the cyst into the peri- 
toneal cavity and deteriorated only after the 
cerebral embolism occurred. However, the possi- 
bility cannot be excluded that the rupture of the 
primary cyst of the liver took place before the 
clinical commencement of the illness, as an 
asymptomatic rupture of hydatid cyst into the 
peritoneum is known to occur. 

This case well illustrates secondary peritoneal 
echinococcosis, known as hydatid pseudotubercu- 


lous peritonitis of Dévé.! The visceral peritoneum 


and parietal peritoneum were strewn with 
nodules, which microscopically presented two 
types of lesions: one of foreign body reaction, the 
nodule containing cuticular debris or giant cells 
with phagocytosed cysts surrounded by epithe- 
lioid cells; the second representing young hydatid 
cysts free in the tissue, at the beginning of their 
evolution. The growth of these elements led, in 
the latter stages, to a multitude of conglomerate 
cystic tumors. 

On the other hand, rupture of the hydatid cyst 
of the liver into the inferior vena caval system is 
a rare complication. In 35 such cases compiled 
by Dévé, pulmonary embolism was found in 21. 
However, in none were hydatid emboli found in 
the brain. All 27 cases of hydatid cerebral embo- 
lism reported in the literature originated from 
myocardial cysts rupturing into the left ventri- 
cle However, in the alveolar (Bavarian- 
Tyrolese) echinococcosis, cerebral embolism, 
originating from the liver, was reported in 17 
cases. In 11 of them there was also an inter- 
mediate pulmonary embolism. The importance 
of the triad of localizations—liver, lung and 
brain—in these cases of alveolar metastatic echi- 
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nococcosis was emphasized by Posselt.? In 
Bartsch and Posselt’s case‘ the alveolar mother 
cyst was localized in the spleen, the first relay 
being in the liver, the second in the lung, and the 
third in the brain. 

Rupture of a hydatid cyst of the liver into the 
inferior vena cava leads, in most cases, to sudden 
death. In 27 of the 35 cases referred to above, the 
rupture was immediately fatal; in 8 instances the 
patients survived from 1 to 8 years. The cysts 
ruptured into the inferior vena cava directly or 
into a hepatic vein or into one of the peripheral 
veins of the liver. The endovenous rupture was 
followed by sudden death. In other cases there 
was progressive infiltration of the venous wall by 
parasites, resulting in parasitic parietal 
thrombosis. It may be assumed that this hap- 
pened in our case since the venous rupture was 
not found and there were no signs of intra- 
abdominal hemorrhage. 

The site of origin of the parasitic embolus is 
frequently difficult to identify as its exit from the 
veins leaves the vessels empty at the time of 
autopsy. The cuticular embolus is generally im- 
mobilized on the lateral wall and, being very 
ductile, stretches itself along the vessel and causes 
partial thrombosis. Organization of these thrombi 
leads to characteristic perivascular “cuffings” 
such as were found in our case in some cerebral 
arteries (Figure 9) as well as in the pulmonary 
artery (Figure 10). In surviving patients, this 
process may lead to development of hydatid 
aneurism.! 

It would be thought that the parasitic ele- 
ments, pouring out into the vena cava, would 
have been arrested in the capillary network of 
the lung. However, some of these elements, par- 
ticularly minuscule pieces of non-stratified cuti- 
cle or fragments of germinal plasmodium, because 
of their small dimensions and marked ductility, 
were able to traverse the pulmonary capillaries. 
The small cysts, 20 to 25 u in diameter, seen in 
the brain tissue, represented the hydatids on the 
4th day of their development. Being the size of a 
leukocyte, they were able to cross the pulmonary 
capillary barrier without difficulty. Prinzmetal 
et al.5 have shown experimentally that structures 
of even 390 » in diameter can pass through the 
arteriovenous anastomoses in the pulmonary 
circulation. The cuticular debris could have 
crossed the pulmonary barrier in this way and 
have caused fatal infarction of the brain. 
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SUMMARY 

A case is presented of an undiagnosed Echino- 
coccus cyst of the liver, which ruptured into the 
abdominal cavity and into the veins of the in- 
ferior caval system. Lesions found at autopsy in- 
cluded peritoneal dissemination of Echinococcus 
with multiple secondary cysts and tubercles 
(hydatid pseudotuberculous peritonitis); throm- 
bosis in a few small pulmonary arteries, due to 
the hydatid cuticle; and large areas of brain in- 
farction due to multiple emboli of small cysts and 
cuticular debris. 

The cerebral embolism originating from a 
hydatid cyst of the liver is believed to be the first 
reported instance of this condition. 


ACKNOWLEDGMENT 


We acknowledge with gratitude the co-opera- 


tion of the Department of Pathology of the 
Rothschild Hadassah University Hospital. 


REFERENCES 


1. Dévé, E., 1946. L’echinococcose secondaire. 
Masson et Cie, Paris. 

2. Rakower, J., 1960. Echinococcosis. A survey 
of 100 cases. Harefuah, 59: 261-265. 

3. Posseit, A., 1932. Die vielkammerige Blasen- 
wurmgeschwulst ausserhalb der Leber (Ex- 
trahepataler Alveolarechinococcus). Ergebn. 
allg. Path. u. Path. Anat., 26: 423-611. 


. Bartscu, G. H., anv Posseit, A., 1932. 
Mehrherdiger Echinococcus alveolaris mit 
besonderer Beteiligung der Milz. Virchows 
Arch. path. Anat., 285: 665-686. 

5. PrinzMETAL, M., Ornitz, E. M., Jr., SrMKIN, 
B., AND Breroman, H. C., 1948. Arterio- 
venous anastomoses in liver, spleen and 
lungs. Am. J. Physiol., 162: 48-52. 





IMMUNE RESPONSE IN RATS INFECTED WITH TRICHINELLA SPIRALIS 
LARVAE SUBJECTED TO ROENTGEN RADIATION* 


HERMAN ZAIMAN, RUDOLPH G. HOWARD anp C. JOYCE MILLERt 


Department of Pathology, Albert Einstein College of Medicine, Yeshiva University, Bronx, New York 


Resistance to reinfection with Trichinella 
spiralis was first demonstrated in rats by Ducas! 
whose work was confirmed on a quantitative 
basis by McCoy.? Its occurrence in several lab- 
oratory animals has been documented many 
times. Other investigators have demonstrated 
that subjecting 7. spiralis larvae to radiation 
from various sources reduced their viability, re- 
productive capacity and infectivity. This oc- 
curred whether the larvae were free or contained 
in muscle. The results obtained were related to 
the amount of radiation used. Pertinent specific 
data from such studies have been assembled in a 
monograph by Gould* and a recent review by 
Kagan.‘ 

That larvae subjected to doses of roentgen 
radiation which practically eliminated reproduc- 
tion retained immunizing properties was first 
suggested by Levin and Evans® and confirmed 
by Hendricks,* Gould et al.,’ Zaiman et al.,® ° 
and Kim.'° In contrast, Magath and Thompson" 
were unable to demonstrate any immunity in 
rats fed 500 7’. spiralis larvae subjected to 30,000 
roentgen units. That amount of radiation far 
surpassed the dosages used by others in producing 
immunity. This apparent contradiction in re- 
sults suggested that the immune response of a 
host infected with irradiated Trichinella might 
decrease as the amount of radiation was in- 
creased. Support for this thesis can be found in 
the work of several authors. Thus Gould and his 
collaborators,’ using intestinal worm counts as 
their criterion, reported an immune response in 
rats given larvae exposed to 6,000 r cobalt®® and 
no immunity in rats fed larvae irradiated with 
18,000 r cobalt**. Intermediate dosages of 10,000 r 
and 12,000 r produced inconclusive results, the 
former because too small a number of rats was 

* This work was supported in part by National 
Institutes of Health Grant Number E-2612 and 
American Cancer Society, Inc. Grant Number 
IN-28A. 

t The authors are deeply indebted to Justo M. 
Diaz, Dr. Norman Pfeiffer, Dr. Harold Reikes and 
Robert J. Schulz for assistance in this project and 


to Mrs. Molly Park for statistical analysis of the 
data. 


used and the latter because the response was 
slight. Zaiman et al. using second generation 
counts in parabiotic rats, found a progressively 
decreasing immune response in the “uninfected”’ 
parabiont as the irradiation of the immunizing 
larvae was increased from 10,710 r to 13,770 r. 
Again, too few animals were involved to draw any 
definitive conclusions. It can be pointed out, 
however, that second generation larval counts 
should measure an immune status more realis- 
tically than intestinal worm counts do because 
the former may reflect the influence of more im- 
mune phenomena working for longer periods of 
time. 

In contrast Larsh'® found no difference in the 
degree of immunity produced in mice by 5 in- 
fections of either irradiated (7,000 r) or non-ir- 
radiated larvae (200 larvae per infection). 

The experiment reported here was designed 
to determine whether the immune response of 
rats infected with a single dose of irradiated T. 
spiralis varied with the amount of roentgen ra- 
diation received by the immunizing larvae. 


MATERIALS AND METHODS 


The experiment consisted of immunizing rats 
with an infection of 500 T. spiralis larvae sub- 
jected to doses of roentgen rays ranging from 0 
to 20,000 r. One month later, the rats were chal- 
lenged with 5,000 non-irradiated larvae. In order 
to determine the number of progeny such infec- 
tions would produce per se, various control groups 
were infected with immunizing or challenge 
larvae only. Two months after the challenge in- 
fection, the number of muscle larvae present in 
all rats was determined. 

Two hundred and sixty-six 5-week-old white 
male Holtzman rats divided into 11 groups, as 
shown in Table 1, were used in this experiment. 
They were housed in individual metal wire cages 
and given Purina Lab Chowf{ and water ad 
libitum. 

Larvae for infection were procured from stock 


t Manufactured by Purina-Ralston Company, 
St. Louis, Missouri. 
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TABLE 1 
Immune response of young male rats infected with Trichinella spiralis larvae subjected to various dosages 


Radiation 
given (r) 
immunizing 

rvae 


No. larvae in 
immunizing 
infection 


Group no.| No. rats challenge 


infection 


I : 0 0 

II 33 500 0 
III 33 500 0 
ss | 2 500 8,000 
Vv 29 500 8,000 
VI 14 500 12,000 
Vil 500 12,000 
Vill 15 500 16,000 
IX 28 500 16,000 
X 14 500 20 ,000 
XI 28 500 20 ,000 


| 


No. larvae in} — . —— ees wines 


of roentgen radiation, challenged 1 month later, and examined 2 months after the challenge 





No. of larvae recovered from muscles 


Standard 
error of 
mean 


Mean 
attributable 
to challenge 


Range 


400-1 ,015,000 
1, 700-840 ,000 
2300-498 ,000 

100-1, 820 

33-4, 550 
50-3, 150 
400-41 , 200 
0-550 
5000-670 ,000 


320 , 400 
145,600 
205 , 700 
500 

500 

400 

9 ,000 
73 

110 ,400 


46,909 | 320,400 
27,195 | 
24,737 
129 
181 | 0 
211 | 
1,887 | 
37 
30 ,000 


33,208 | 242,193 


60 , 100 


8,600 


110 ,327 


0-100 ag 
3, 800-713 ,000 


242 , 200 





* Represents a count of 100 larvae in one rat. 


rats each of which had been inoculated with 6,000 
Trichinella 2 months Their skinned, 
eviscerated, ground up carcasses were digested 
at 37°C in a 1% pepsin, 0.5% concentrated hy- 
drochloric acid solution. Bubbling air constantly 
agitated the solution. At the end of 12 hours, the 
digest was passed through a 20-mesh per inch 
metal wire screen. The larvae were washed with 
several changes of tap water. 

Larvae for the immunizing infection, procured 
from two stock rats infected 2 months earlier, 
were divided into five lots which were treated as 
follows. The first received no radiation and was 
used to immunize the rats in groups II and III 
with 500 larvae each. Details of the infection 
technique have been published previously.” 
The second lot was subjected to 8,000 r produced 
by a 250-kilovolt Westinghouse Duocondex 
machine. Other radiation factors were 15 milli- 
amperes and a half value layer of 1.5 mm of cop- 
per, with the larvae placed 18.5 cm from the 
source of the x-rays, receiving the radiation at the 
rate of 785 r per minute. These larvae were used 
to immunize the rats in groups IV and V with 500 
larvae each. The other three lots, subjected to 
12,000 r, 16,000 r or 20,000 r, were used to im- 
munize the rats in groups VI and VII, VIII and 
IX, and X and XI, respectively, each rat re- 
ceiving 500 of the irradiated larvae. It should be 
noted that group I did not receive an immunizing 
inoculation. 


earlier. 


Larvae for the challenge infections were pro- 


cured from the pooled digests of four stock rats. 
Each of the rats in groups I, III, V, VII, [X and 
XI was challenged with 5,000 of these non- 
irradiated larvae. 

At the termination of the experiment, the num- 
ber of muscle larvae present in each rat was de- 
termined by making a 500-ml! suspension of the 
residue of its digest. Three 1-ml samples were 
drawn from the suspension and the larvae therein 
counted under a binocular dissecting microscope. 
The mean number of larvae per milliliter was 
then determined and multiplied by 500. When 
very few or no worms were noted, additional or 
larger samples were drawn for counting. 


RESULTS 


The number of rats in each group, the infec- 
tions to which they were subjected and the mean 
number of larvae recovered from them are shown 
in Table 1. The mean number of larvae recovered 
from the rats receiving only the immunizing in- 
fection (groups II, IV, VI, VIII and X) decreased 
as the radiation increased from 0 to 20,000 r. 
Thus a mean number of 145,600 larvae was re- 
covered from rats receiving non-irradiated larvae 
(group II) and only 7 from those irradiated with 
20,000 r (group X). 

The mean number of larvae recovered from 
rats receiving the challenge infection only (group 
I) was 320,400. 

The mean number of larvae recovered from 
rats receiving both immunizing and challenge in- 
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TABLE 2 
Ratio of difference of means to standard error of the difference between the two means* 





II i 





V m | 


VIII 









































3+ 








2.9 


| 


| 3+ 





* Ratio > 2.0 is statistically significant on the 5% level of significance; ratio > 2.5 is statistically 


significant on the 1% level of significance. 


fections (groups III, V, VII, IX and XI) varied 
from 500 (group V) to 242,200 (group XI). Ex- 
amination of Table 1 reveals that for every group 
that received both infections (immunizing and 
challenge) there was another (the group just pre- 
ceding it) which received only the identical 
immunizing infection. To determine the mean 
number of larvae reasonably attributable to the 
challenge infection, the mean number of larvae 
produced by the immunizing infection alone was 
subtracted from the mean number produced by 
the combined identical immunizing and chal- 
lenge infections. These derived numbers are listed 
in the last column of Table 1. It is apparent that 
the number of larvae attributable to the challenge 
dose was highest when no immunizing infection 
was given (group I). It was lowest when the im- 
munizing larvae were subjected to 8,000 r (group 
V) and increased progressively as the radiation 
dosage increased. The number of larvae pro- 
duced by the challenge infection given rats im- 
munized with non-irradiated larvae (group III) 
was intermediate. 


DISCUSSION 


The recovery of relatively few muscle larvae 
from those rats which had received irradiated im- 
munizing Trichinella only, clearly demonstrated 
that the doses of roentgen radiation used were 
effective in limiting the reproduction of the 
worms. Moreover, the data suggested that, for 


(320,400) 


(242,200) 
(110, 300) 
(60,100) 
a (0) (8.600) 
° — = 
y wu x x1 I 


GROUP Bg 
RADIATION DOSAGE Or  8,000r 12,000r 16,000c 20,000. @ 
®-No immunizing lorvoe were received by this group 


320,000 


280,000 


240,000 


200,000 


160,000 


120,000 


80,000 


40,000 





o°u°uruvu uv uve uv eve yp uve ururu’e 


Fic. 1. The mean number of worms (larvae) re- 
covered from rats infected with 500 Trichinella 
spiralis larvae subjected to various doses of roent- 
gen radiation and challenged with 5,000 non-ir- 
radiated larvae. 


the radiation doses involved, the reproductive 
capacity of the worms diminished as exposure to 
the radiation increased. Difference of means 
tests'* were computed for the groups which re- 
ceived only immunizing larvae with the following 
comparisons (Table 2) being statistically sig- 
nificant: group II vs. groups IV, VI and VIII; 
and group IV vs. group VIII. The following com- 
parisons were not significant statistically: group 
IV vs. group VI; and group VI vs. group VIII. 
Group X could not be validly analyzed statisti- 
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cally because only one rat in the sample con- 
tained muscle larvae. Thus the difference of means 
. tests were statistically significant when the dif- 
ference in amounts of irradiation was large. 

Comparing the number of muscle larvae pro- 
duced by similar challenge infections given to 
rats with different immunizing experiences per- 
mitted evaluation of the status conferred by 
specific immunizing infections. The greater the 
number of larvae produced by the challenge in- 
fection, the less immune was the host. Such com- 
parisons, most readily made from Figure 1, 
showed that the most potent immunizing infec- 
tions consisted of larvae irradiated with 8,000 r. 
As the immunizing larvae were exposed to in- 
creasing doses of radiation, the number of larvae 
attributable to the challenge infections increased. 
The pertinent data were subjected to difference of 
means tests.* The following comparisons—group 
I vs. V; group I vs. VII; group I vs. [X; group V 
vs. VII; group VII vs. [X; and group [IX vs. XI— 
statistically significant. The comparison 
between groups I and XI was not significant 
statistically. 


were 


Thus only the immunizing larvae irradiated 
with the highest dose of radiation (20,000 r) 
failed to produce a resistance that could be judged 


significant by statistical evaluation. The data 
also reaffirm the impression gained with para- 
biotic rats that, within the limits of the experi- 
ment, the ability of 7. spiralis larvae to im- 
munize rats diminished as the radiation dosage 
increased. 

Fewer larvae attributable to the challenge in- 
fection were recovered from those rats receiving 
immunizing larvae subjected to 8,000 or 12,000 
r than from those immunized with non-irradiated 
larvae. According to these data, appropriately 
irradiated larvae were more potent immunizing 
agents than were non-irradiated larvae. While 
this phenomenon was surprising, its explanation 
may be possible on the basis of debilitation at- 
tributable to infections with non-irradiated 

* For statistical purposes it was necessary to 
employ the means recorded in the column of Table 
1 headed ‘‘Mean no. of larvae recovered from 
muscles’’ instead of those in the last column of the 
same table. This was done because the latter 
were derived by subtraction and had no distribu- 
tion. Since the radiation produced practically 
complete sterilization of the immunizing larvae, 
the error involved was minimal, e.g., compare the 
values for group XI. Where the immunizing larvae 


were not subjected to radiation the error was 
larger 
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worms. That this may indeed be true was in- 
dicated by Von Brand et al.,!5 who found the 
ability of infected rats to perform work (running) 
was considerably less than that of uninfected 
animals. 

In light of these findings it is interesting to re- 
examine Magath and Thompson’s" hypothesis 
that the immune status of the human and porcine 
populations would be dissipated by commercial 
irradiation of pork. These data actually suggest 
that immunization by larvae irradiated with 
8,000 or 12,000 r provides more protection than 
infection with similar numbers of non-irradiated 
worms. Moreover few muscle larvae could result 
from such immunizing infections. It therefore 
seems likely that irradiation at levels of 8,000 to 
12,000 r might enhance any immune status ac- 
quired by man. 


SUMMARY 


Two hundred and sixty-six rats divided into 11 
groups were used to determine whether the im- 
mune response of rats infected with a single dose 
of 500 irradiated (roentgen ray) Trichinella 
spiralis larvae varied with the amount of radia- 
tion received by the immunizing larvae. 

The data procured indicated that the im- 
munity produced by the irradiated larvae de- 
creased as the radiation was increased from 8,000 
to 20,000 roentgens. It was also noted that larvae 
exposed to either 8,000 or 12,000 r were more po- 
tent immunologic agents than were non-irradiated 
larvae. 
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TICK-BORNE DISEASE IN VIRGINIA, 1949-1958. AN ECOLOGICAL NOTE 
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Fredericksburg Health District, Fredericksburg, Virginia 


Ticks transmit three main diseases in the 
United States: tularemia, Rocky Mountain 
spotted fever, and Colorado tick fever, the 
latter being prevalent only in western states. 
Tularemia has been reported from all parts of 
the country, but most frequently in recent 
times from the South Atlantic and East South 
and West South Central States.! Rocky Mountain 
spotted fever was first recognized in the East 
in 1931? and since then has been noted increas- 
ingly in the South! Therefore the Southern 
States seem to be an endemic area for both 
diseases. 

In Virginia for the years 1949 through 1958, 
393 cases of tularemia and 588 cases of Rocky 
Mountain spotted fever were reported to the 
Bureau of Communicable Disease Control of 
the Virginia State Department of Health.‘ 
During these 10 years, 251 (63.9%) of the 
tularemia and 402 (68.4%) of the spotted fever 
cases occurred east of the mountains which 
constitute the western part of the state. Within 
this lowland district, six counties in southcentral 
Virginia reported 101 (25.7%) and 96 (16.3%) 
of the total state cases of tularemia and Rocky 
Mountain spotted fever, respectively (Table 1 
and Figure 1). Comparisons of the cases of the 
two diseases in the six-county area and the rest 
of the state show that the differences are statisti- 
cally significant (x?, p = <0.001 in both). 


DISCUSSION 


The distribution of these tick-borne diseases in 
Virginia is of interest for two reasons. First, it 
appears to illustrate the concept of the nidality 
of disease elaborated by Pavlovskii;' while, 
secondly, the possibility of the synergistic effect 
of the two organisms must be considered. The 
theory of nidality of disease has a wide appeal to 
epidemiologists and a recent paper by Audy* 
discusses developments in this field. Briefly the 
theory is that each disease has a “nidus” or 
“nest’’ where it is literally ‘at home” and remains 
endemic because of favorable ecological factors. 
A striking example of this phenomenon may 
have occurred in Israel in 1947 when relapsing 


fever broke out after almost a thousand years 
of dormancy.’ This concept is especially appli- 
cable to the zoonoses and would seem to be sub- 
stantiated by the distribution of tularemia and 
Rocky Mountain spotted fever in Virginia. 
Synergism is common in the microbial world 
and a recent paper by Taylor® describes many 
examples in human disease. The organisms of 
spotted fever and tularemia have some features 
in common as they both occur in the same tick 
population,®"° are maintained in the tick by 
transovarial passage, and are capable of con- 
siderable changes in virulence?:" The latter 
statement is particularly true of the rickettsiae 
of spotted fever, in which the phenomena of 
interference and reactivation have been demon- 
strated.2 It has been shown furthermore, in a 
Virginia county near the area already noted, that 
the rabbit tick (Haemaphysalis leporis palustris) 
is a vector of both parasites° Although rickett- 
siae have never been isolated from the rabbit, 
serological studies have revealed infection to be 
present and experimental transmission has been 
successful,? while natural infection of rabbits with 
Pasteurella tularensis is common." The discovery 
of rickettsiae of the spotted fever group in a 
meadow mouse (Microtus pennsylvanicus) in 
Virginia indicates another common host, and 
a survey of the occurrence of rickettsiae in 
rodents is at present being conducted by the 
Virginia State Department of Health.‘ There 
is a definite probability, therefore, that natural 
cycles of transmission common to both P. 
tularensis and Rickettsia rickettsit are occurring 
in the tick-rabbit-tick and tick-meadow mouse- 
tick patterns. Thus it is quite conceivable that a 
synergistic mechanism may be active in these 
and in other arthropod and small mammal hosts 
of the two organisms. This could partly account 
for the high incidence of the two diseases in the 
small area described in this paper. Conversely, 
the lack of the diseases in other parts of Virginia 
could be caused by antagonism between the 
organisms conditioned by an ecological element 
not present in the environment in the six-county 
area. It would be of great interest to see whether 
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TABLE 1 
Distribution of cases of tularemia and Rocky Mountain spotted fever within a siz-county area in Virginia, 





1949-1968 


Tularemia Rocky Mountain spotted fever 





Population* 


Rate per 


Rate per 
100,000 


Tt a Tt 100,000 





Campbell. . 
Charlotte 
Halifax. . 
Mecklenburg 
Pittsylvania 
Prince Edward 


30,814 | 9 
13,690 | 10 
34,404 | 21 
32,547 | 12 
61,996 | 10 
14,630 | 3 


10 
14 


| 

| 

8 
| 

| 3 

| 

} 


15 
9 
11 
17 
8 


16 
4 











Total.. 188,081 | 65 


| 101 | 53.70 


=| | 
| 68 





State total 3,608,729 | 300 








10.89 | 499 


| 393 


93 





* Mean of the 1950 census and of the 1960 census estimate. 


Tt White, Colored, and total. 
1 1 case, color unknown. 
§ 6 cases, color unknown. 


ROCKY MOUNTAIN SPOTTED FEVER 
TULAREMIA .....--..<.- 


———e 





Fic. 1. Distribution of cases of tularemia and Rocky Mountain spotted fever within a six-county area 
in Virginia, 1949 to 1958. The six-county area, comprising approximately 4,000 square miles, includes 
Campbell (Ca.), Charlotte (Ch.), Halifax (H.), Mecklenburg (M.), Pittsylvania (P.), and Prince Ed- 


ward (P.E.) counties. 


a similar situation exists in the adjoining counties 
of North Carolina. 

The practical significance of these findings is 
evident when it is realized that the public is 
likely to come into closer contact with the 
arthropod and animal reservoirs of disease as 
suburban populations sprawl outwards from the 
cities. Smadel'® has emphasized how these 


conurbations may alter the epidemiology of 
Rocky Mountain spotted fever, and his remarks 
presumably also apply to tularemia. Studies in 
the ecology of ticks, their parasites, and hosts 
should be intensified, particularly in areas of 
high endemicity of tick-borne disease, using the 
wide approach suggested by Gordon.’ Without 
this holistic viewpoint it is unlikely that this 
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complex disease entity can be successfully re- 
solved into its component parts, thereby allowing 
intelligent control measures to be implemented. 


SUMMARY 


Among the cases of tick-borne diseases in 
Virginia during the years 1949 through 1958, 
25.7 % of the tularemia and 16.3% of the Rocky 
Mountain spotted fever cases occurred in a small 
area in the southcentral part of the state. It is 
suggested that these findings illustrate the 
concepts of the nidality of disease and microbial 
synergism. The latter theory, with particular 
reference to Pasteurella tularensis and Ricket- 
tsia rickettsii, and a holistic approach to the 
study and control of tick-borne disease are 
discussed. 
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IMMUNOLOGICAL STUDIES RELATING TWO RECENTLY ISOLATED 
VIRUSES, GERMISTON VIRUS FROM SOUTH AFRICA AND ILESHA 
VIRUS FROM WEST AFRICA, TO THE BUNYAMWERA GROUP 


TAKESHI OKUNO* 


The Rockefeller Foundation Virus Laboratories, New York, New York 


In 1959, strains of two viruses were submitted 
to The Rockefeller Foundation Virus Labora- 
tories in New York for immunological study. 
The first of these, Germiston virus, had been 
isolated in 1958 in the vicinity of Johannesburg, 
South Africa, from wild-caught mosquitoes and 
has been described by Kokernot ef al.! These 
authors showed that while Germiston virus was 
antigenically related to Bunyamwera virus, it 
was readily distinguishable from it. The second 
virus, Ilesha, had been less well studied. It was 
isolated in 1959 from the blood of a 9-year-old 
African girl in Ilesha, Western Nigeria, by 
Macnamara.? Neutralization tests conducted by 
Macnamara showed no apparent relationship to 
yellow fever, dengue type 2, Zika, Uganda §, 
Bwamba, Sandfly fever, Coxsackie B3 or even 
Bunyamwera virus. No further immunological 
information was available. Preliminary serological 
screening in this laboratory indicated that Ilesha 
virus was not related to the immunological 
groups A, B and C, but that there was a slight 
crossing in hemagglutination-inhibition tests with 
Bunyamwera immune sera. Further detailed 
studies on the relationship of these viruses to 
other available members of the Bunyamwera 
group’ are the subject of this paper. 


MATERIALS AND METHODS 


Viruses. Two strains of Germiston virus, SAAR 
1050 and SAAR 1057, were used in the present 
study. These were presumably separate isolates 
of the same virus.! They were received in the 
fourth and first mouse passages. 

One strain of Ilesha virus was available for 
the present study. It was in the fifth mouse 
passage. 

Bunyamwera virus, Cache Valley virus strains 
6V-633 and Ar 7272, Kairi virus, and Wyeomyia 
virus and their antisera were for the most part 

* Present address: The National Institute of 


Health, Kamosaki-cho Jamaru, Shinagawa-ku, 
Tokyo, Japan. 
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those used by Casals and Whitman® in their 
study on the Bunyamwera group of arthropod- 
borne viruses. 

Preparation of antigens. Antigens for both 
hemagglutination-inhibition and complement- 
fixation tests were prepared from the brains of 
infected suckling mice according to the techniques 
described by Clarke and Casals.‘ In most in- 
stances, the sucrose-acetone method was used. 
With both Germiston and Ilesha antigens, 
hemagglutinins were demonstrable with titers of 
approximately 1:100 and 1:200, respectively. 
Both antigens reacted optimally at a pH of 6.0 
to 6.2. The completed antigens were lyophilized 
and stored at —20°C. 

Preparation of immune serum. Immune mouse 
serum was used throughout this study to avoid 
anti-brain antibodies encountered in comple- 
ment-fixation tests when mouse brain virus 
preparations are injected into animals of other 
species. Because of the high mortality of adult 
mice following the peripheral inoculation of 
Germiston virus, initial immunization was made 
with a 10% brain-virus preparation inactivated 
by exposure to 0.05% 8 propiolactone for 1 hour 
at 37°C. Each mouse received 0.2 cc of this 
inactive material intraperitoneally (i.p.). Two 
weeks later, the mice were inoculated i.p. with 
0.2 ce of fully active 1% brain-virus. In all 
instances, the brain suspensions were prepared 
in physiological saline to avoid the introduction 
of other antigenic substances such as bovalbumin 
or a foreign serum. Seven, fifteen and twenty- 
three days after the second inoculation, the 
mice were bled approximately 0.5 cc each and 
the sera pooled. The sera taken 7 and 15 days 
after the second inoculation will be called “pri- 
mary” immune sera. Following the last bleeding, 
the mice were reinoculated i.p. with 0.2 ce of 
fresh 1% brain-virus in saline preparation, and 
were again bled 1 to 2 weeks later. These three- 
injection sera will be considered to be “hyper- 
immune.” One four-injection serum was collected. 
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Although Ilesha virus was less pathogenic for 
adult mice than Germiston virus, the same 
method of immunization and the same schedule 
of bleeding were followed. 

In the case of Bunyamwera, Cache Valley, 
Wyeomyia and Kairi, the sera were collected 
after at least three, and usually four or more, 
immunizing injections. However, a special one- 
injection serum was prepared for Bunyamwera to 
compare the antibody content of such a “pri- 
mary” immune serum with the six-injection 
“hyperimmune” serum usually employed. 

Serological tests. Both hemagglutination-inhibi- 
tion (HI) and complement-fixation (CF) tests 
were used in these studies. The HI tests were 
performed in lucite plates according to the 
method described by Clarke and Casals.‘ CF tests 
were of the cross grid type, dilutions of antigen 
being incubated overnight at 5°C with dilutions 
of antibody in the presence of 1.5 to 2.0 units of 
complement. 


RESULTS 


HI studies. Four specimens of Germiston im- 
mune serum and three specimens of Ilesha 
immune serum were tested against the four 
available hemagglutinins, Bunyamwera, Cache 
Valley, Germiston and Ilesha. In addition, two 
specimens of Bunyamwera serum, primary and 
hyperimmune, and one hyperimmune each of 
Cache Valley, Kairi and Wyeomyia were tested 
against the same four antigens. Table 1 summa- 
rizes the results of several of such tests. 

It is apparent that the primary immune sera, 
SAAR 1050 and 1057, are reactive only against 
the homologous antigen while the three-injection 
serum, SAAR 1057, reacts against all four anti- 
gens. This broadening of response is indicated in 
the two-injection, 23-day bleeding of SAAR 
1050. Thus, Germiston serum is capable of 
inhibiting the heterologous antigens though not 
to the titer observed with the homologous 
antigen. 

Ilesha serum appears to be more restricted, 
failing to inhibit the antigens of Germiston and 
Bunyamwera. However, it does inhibit Cache 
Valley antigen, though to a lesser extent. 

Junyamwera primary serum inhibits not only 
its own antigen but Germiston antigen as well. 
However, it fails to inhibit [lesha and Cache 
Valley antigens. The hyperimmune serum 
inhibits to some degree all four antigens. 


Cache Valley serum, like Ilesha serum, is 
restricted, showing a cross-relationship with 
Ilesha virus and little or none with Bunyamwera 
and Germiston antigens. 

Kairi and Wyeomyia sera were included in the 
test to show group response; but, in the absence 
of homologous antigens, one is unable to assess 
the significance of the figures. 

In summary, by HI studies both Germiston 
and Ilesha viruses belong in the Bunyamwera 
group. Germiston seems to be closer to Bunyam- 
wera and Ilesha closer to Cache Valley. 

CF studies. Because CF antigens were avail- 
able for Kairi and Wyeomyia viruses, Germiston 
and Ilesha sera were tested against these two 
antigens as well as against the Bunyamwera and 
Cache Valley antigens used for HI tests. Table 
2 gives the results of a series of cross tests. 

In contrast to the HI results, Germiston 
antiserum failed to react with any of the heterol- 
ogous antigens even in a 1:4 dilution. As the 
homologous titer of 1:64 is less than the titers of 
the other sera in the test, it is possible that 
further immunization might have resulted in 
observable crossing such as that seen with the 
Kairi and Wyeomyia sera. Germiston antigen 
was only slightly more cross-reactive. 

Ilesha antigen and serum, in contrast, were 
more cross-reactive. The antigen reacted with all 
but Germiston serum, and the serum with a 
homologous titer of 1:64 reacted in a 1:16 
dilution with both Bunyamwera and Cache 
Valley antigens. The titers of Bunyamwera and 
Cache Valley sera against Ilesha antigen were 
1:64, one-half of their respective homologous 
titers. Thus, by CF, Ilesha is close to both 
Bunyamwera and Cache Valley despite its 
separation from Bunyamwera in HI tests. This 
discrepancy between tests has already been 
pointed out by Casals and Whitman,’ who showed 
that Bunyamwera and Cache Valley were close 
by CF but only slightly cross-reactive in HI 
tests. 


DISCUSSION 


Casals and Whitman® note that while the HI 
test has been of primary use in showing group 
relationships in the study of groups A, B and C, 
the HI test has been of secondary importance 
as far as establishing group relationship in the 
Bunyamwera group. The addition of two new 
members to the group, from both of which HA’s 
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. ‘Reci iprocal of the highest dilution of serum inhibiting 4 to 8 units of homagelutiain. 


TABLE 2 


Cross complement-fixation tests 





Sera 





Antigens 
Germiston 


see ae 
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Valley 
4i 


Wyeomyia 
4i 





| 
4i* 
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64/64T 
0/0 
0/0 
0/0 
0/0 
0/0 


Germiston 
llesha 
Bunyamwera 
Cache Valley 
Kairi 


Wyeomyia 


64/256 

16/128 

16/32 
0/0 
0/0 


0/0 
64/256 
64/256 

128/128 

0/0 

4/64 


0/0 
16/256 
16/128 

8/64 

256/64 

0/0 


4/8 
8/128 
32/128 
16/32 
4/8 
256/256 


64/256 
128/256 
128/128 

4/16 
8/64 


| 
| 
8/16 | 
| 








* 4i four injections. 
Tt 64/64 = 


have been prepared, has only slightly improved 
the situation. A marked individuality is still 
demonstrable. 

However, as Bunyamwera and Germiston are 
somewhat paired, as are Ilesha and Cache 
Valley, it is probable that all four viruses could 
be easily placed in the group if tested against 
two sera, one from each pair. 

As for the use of CF as a means of group 





titer of serum 1:64 (numerator), titer of antigen 1:64 (denominator). 


determination, the demonstration that Germiston 
virus is essentially non-cross-reactive suggests 
that CF screening in this group may not always 
reveal relationship. 


SUMMARY 


Two recently isolated viruses, Germiston from 
South Africa and Ilesha from West Africa, have 
been compared immunologically with members 
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of the Bunyamwera group of viruses by both 


complement-fixation and hemagglutination-in- 
hibition tests. It has been shown that both viruses 
belong to the group but are nonetheless suffi- 
ciently distinguishable from the other members 
to be considered as separate viruses. 


Hemagglutinins were prepared for both agents, 


a fact extending the knowledge of cross-hemag- 


glutination in the group. 

Germiston virus was found to be closer to 
Bunyamwera virus in HI tests than to other 
members of the group, but was sharply set apart 
from the group as a whole in CF tests. 

Ilesha virus was found to be closer to Cache 
Valley virus in HI tests, and was closely related 
to both Cache Valley and Bunyamwera viruses 
in CF tests. 
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THE ISOLATION OF ARTHROPOD-BORNE VIRUSES, INCLUDING MEMBERS 
OF TWO HITHERTO UNDESCRIBED SEROLOGICAL GROUPS, IN THE 
AMAZON REGION OF BRAZIL* 


O. R. CAUSEY, C. E. CAUSEY, O. M. MAROJA anv D. G. MACEDO 


The Belém Virus Laboratory, Belém, Pard, Brazil 


The Belém Virus Laboratory was established 
by the Servico Especial de Savide Publica of 
Brazil and The Rockefeller Foundation in 1954 
to isolate and study arthropod-borne (arbor) 
viruses in the Amazon region. A preliminary 
survey by neutralization test revealed that 
antibodies for a number of known arbor viruses 
were present in the sera of residents of 15 localities 
in the Amazon Valley.1 The survey indicated 
areas where certain agents had produced high 
antibody rates and where a greater variety of 
agents apparently had been active. One such 
area, embracing several of the surveyed localities, 
is in the State of Pard, roughly within a 150-km 
radius of Belém. This was chosen as the study 
area for the laboratory. 

The purpose of this report is to summarize 
results obtained during the period November, 
1954, to May, 1959, and to review techniques 
found to be expedient in this field laboratory. 
Studies are continuing and will be the subject of 
further communications. 

Description of study area. The so-called 
Amazon region constitutes approximately one- 
third of the area of South America and includes 
about half the territory of Brazil. Through the 
Amazon basin passes one-tenth of all the flowing 
fresh water in the world. The climate is tropical 
and humid, and there is no cold season, the 
median temperature being above 18°C for the 
least warm months. Within the region are 
various types of tropical climate determined by 
a complex of meteorological and geographical 
factors. In the area selected for virus studies, the 
climate is tropical rain forest, as defined by the 
classification of Képpen.? This is characterized 
by relatively high levels of temperature and 
rainfall, with minimal annual variation. The 
driest month has at least 60 mm of precipitation 

* The studies and observations on which this 
paper is based were conducted with the support 
and under the auspices of the Servigo Especial de 


Satide Publica of Brazil, and The Rockefeller 
Foundation. 


and the mean monthly temperature varies less 
than 5°C during the year. 

As shown in Figure 1, the study area is situated 
on the right bank of the Parad River, extending 
from the mouth of the Tocantins to the sea and 
inland about 150 km. In an easterly direction 
from Belém, between 5 and 20 km from the 
city, lie three forests which form a continuous 
tract along the Guamd River. Since the pre- 
liminary survey had shown that laborers in these 
forests possessed antibodies to a variety of 
arbor viruses, studies were begun here on the 
viruses, wild life and mosquitoes of the area. 
The most remote of the forests is the Oriboca 
virgin forest, where swamps and woodland 
streams supply abundant water. Adjoining it is 
the property of the Instituto Agronomico do 
Norte (1.A.N.), the site of an abandoned cocoa 
plantation, now reverted to dense second growth. 
Many of the original rubber trees and assorted 
jungle fruit trees still stand here, making condi- 
tions ideal for the maintenance of both primate 
bands and rodent colonies. The third forest, 
nearest Belém, is the Utinga watershed for the 
city reservoirs. It differs from the other two in 
its proximity to large, deep lakes and the fact 
that the fallen trees are removed regularly for 
fuel. Although this clearing-away of dead wood 
should have no effect on the monkey bands and 
other arboreal creatures, it probably does limit 
the rodent population by removing one of their 
natural nesting places and retreats. Migratory, 
nomadic and resident birds are abundant in the 
Utinga Forest. 

In the following pages, the program of the 
Belém laboratory is presented in four sections. 
The first discusses the principal sources from 
which virus has been obtained: human febrile 
cases, sentinel animals, forest arthropods and 
wild animals. The next two sections deal with 
the methods used in isolating, preserving and 
identifying virus strains. In the final section, the 
agents so far found in the study area are arranged 
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Fic. 1. Map showing location of the Belém study areas on the Par4 and Guamé Rivers in the State of 


Parad, Brazil 


according to serological type, and details are 


given of their isolation. 
SOURCES OF VIRUS 
Human Febrile Cases 


In urban communities, 
referred to the 
physician 


patients may be 
the attending 


virus infection is suspected. 


laboratory by 
when 
Unfortunately, most of these patients are seen 
after they have failed to respond to treat- 


ment for bacterial and pre itozoan infections, when 


only 


it is too late for virus isolation even though the 
illness may be one of arbor virus etiology. 
Reported epidemics in forest residents are 
investigated by the laboratory staff, and blood 
is obtained from all persons showing fever and 
complaining of headache. One such epidemic 
was discovered early in 1955 among residents of 
the Apeu Forest, situated on a small tributary of 
the Guama River. The 11 strains of virus isolated 
here proved to be yellow fever.? As both children 


and adults were involved in the epidemic, the 


(Shaded area represents tropical rain forest climate zone.) 


virus had presumably been reintroduced into the 
area after a more or less prolonged absence during 
which a susceptible population had accumulated. 
Perhaps the most sensitive indicator of the 
presence of arbor virus is the individual who has 
arrived recently from a different environment 
to work or live in the area. In the Amazon region, 
it is this itinerant laborer employed in the 
devastation and clearing of virgin forest who is 
most likely to succumb to agents 
infectious for man are circulating in epizootic or 
enzootic form. 
Since November, 


whatever 


1954, a number of virus 
strains have been isolated from itinerant laborers 
in the forests along the Guamé River. In late 
1954 and early 1955, 


villages of Para were recruited to clear virgin 


workers from the seacoast 


growth in the Oriboca Forest in preparation for 
a rubber plantation. A number of them contracted 
fevers, and arbor virus was isolated from 15 
1958, 


deforested at Oriboca, this time by a labor force 


patients. In another extensive area was 
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coming largely from the State of Ceara and other 
Of the 


investigated in these workers, 


agricultural regions 79 febrile cases 


20 vielded virus. 
the woodcutters lived in 
shelters at the 


were thus continuously exposed to the 


In both years, impro 


vised scene of operations and 
bites of 
insects that habitually feed on forest vertebrates, 
the hosts of many viruses 
1956 and 1957, 


and seacoast villages were employed in clearing 


During laborers from Belém 
virgin forest in preparation for the establishment 
of the Japanese Colony, 70 km from Belém on 
the Kight 


from patients 


Guama River isolated 
febrile 


visits made to the colony, and all 


Viruses were 
occasional 
but 


these were obtained from the blood of Brazilian 


examined on 


one ofl 


woodcutters. The Japanese agriculturists pre 
the 


sumably escaped infection by avoiding 
forest 
\t the Guamad Quarry at Fronteira, 200 km 


from Belém, an epidemic was investigated in 
which six strains of Mayaro virus were isolated.‘ 
Although this outbreak occurred in the midst of 
long-time residents, some of whom contracted the 
fever, four of the laborers who yielded virus had 


less than 2 


been in residence for weeks. During 
the 3 weeks between the first and last collections 
of blood samples, there was conversion from an 
18.9% 


had 


into an 


rate of zero to 
that the 
introduced 


antibody positive, an 


indication virus probably been 


recently area of resident 
hon-lmmunes 

the febril 
isolations 
1954, and 
the 1,324 
and 62 of 


\ summary of patients examined 
them 


1959, is 


made from between 
May, 


pe rsons 


these 


and virus 
November, 
Table 1. Of 


vielded_ virus, 


given in 
64 
among the 
with 
in the forest, 
in the 
acquisition of arbor virus infection in this part of 
the Valley \Moreover, the 


laborer from another region or from an 


examined, 
were 
759 associated 


It is evident that residence 
x working hours spent there, is a 


persons most intimately 
forest 
factor 
\mazon itinerant 
urban 
center serves as an indicator of the virus types 
in circulation at a given time and place 

Irn the investigation of human fever cases for 
virus etiology, it is desirable, both for the welfare 
of the patient and the the 
out additional tests that may 


isolated 


good will of com 
munity, to carry 
assist the diagnosis when virus is not 
lo this thick thin blood 


prepared and examined plasmodium, and 


end, and hiims are 


1or 
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TABLE 1 
Human febrile cases eramined, showing patient’s 
place of work or week o7 


during 1 


residence more 


prior to illness 


Apeu 
Oriboca 0/89 
CGuamé Quarry 
(suama Colony 
Villages 

Belém 
Belém-Brasilia Road 0/81 


Total 62/759 2/565 


Per cent with virus 0.04 

7 Numerator represents number of virus isola 
tions and denominator the number of cases exam 
ined 


+ Virus isolation from laboratory worker 


white blood cell counts and blood cultures for 


bacteria are made whenever conditions permit. 


These are helpful in indicating the type and 
course of infection and in providing a basis for 
referring the patient, when possible, for special 
treatment. If malaria is likely to be present in an 
area, febrile patients are treated on the spot with 
appropriate dosage of antimalarial drug without 
Waiting for the This 
a man-day of work and 
sometimes months of suffering and incapacity 


results of examination. 


precaution saves many 


when the patient is a forest laborer who may 


otherwise leave his job between crises and 
return home to an isolated community without 
seeking medical attention. 


2. Sentinel Animals 


The isolation of a viral agent under controlled 
conditions constitutes indisputable evidence of 
its existence in an area. In an endemic or enzootic 
environment, however, there is relatively small 
an infected individual in 


the indigenous population. In such an environ 


chance of discovering 


ment, susceptible non-immune animals intro 


duced from another region may reveal viral 


by showing demonstrable evidence of 
This use of animals 
Smithburn, Haddow led to 


important information on the epidemiology of 


activity 


infection. immigrant by 


and Lumsden 
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vellow lever 1n 


Africa. They 


at first confined in cages in the jungle, but later 


chained on platforms when it was found that the 
enter the 


vector, 


ledes african is, would not 
to bite the monkeys 
taken daily, and the 


1 


or definitely sick; 


cages lemperatures were 
animals were bled if febrile 
an animal died, tissues 
the 
monkeys were bled once a 
tested for 


These 


introduced 


when 


were examined for virus. In absence of 
manifest illness, the 
and the 


vellow fevel 


month serum presence ol 


antibodies susceptible 


immigrant hosts, into an exotic 


environment and kept under observation with 


periodic sampling, were properly designated as 
sentinels, or guards, posted for the detection of a 
known infective 

In the 


Amazon 


agent 
study of indigenous arbor viruses in the 
Valley, 


has been broadened to include not only Trequent 


this sentinel animal technique 


and regular bleeding of the sentinel for the isola 


tion of any intective agent capable ol causing 


viremia in the host, with or without signs of 


disease or a fatal outcome, but also the use of a 


variety of In con 


animal species as sentinels. 
trast to the opportunistic method of searching 
out the work camps where itinerant woodcutters 
are employed, sentinel animals may be posted in 
Monkeys, 

chicks, either 
from other 


the 


any area selected for ecological study 


rodents, marsupials and baby 


introduced as non-immunes areas OF 


reared in screened quarters at laboratory, 


have been employed as sentinels in parts of the 
stud) Belém 
monkeys. The 
suited to 


forest. It 


rea neal 


Sentinel monkey 1s 


the 


cebus 


eminently sentinel in 


Virus 


(mazon aptured in the non 


from certain localities; 


captivity 


it adapts 
withstands the 
forest; it 


ile in 


and 
exposure in. the circulates 
virus in blood in sufficient quantity and over a 


enough a riod to 


hong 


permit isolation, and it 


usually recovers from infection with production 
of detectable antibodies 


The species Cebus apell distributed 
ind is present in the 


thes 


ais wick ly 
throughout Brazi 
Valley. In the 
bands in the 


\mazon 


rain forests, monkeys live in 


canopy, feeding on fruits, small 


animals, birds, eggs and insects. In this environ 


ment they are difficult to 


usually 
On the 


er, bands of 


capture and 


can be obtained only as killed specimens 
north seacoast islands of Parad, hows 
these monkeys inhabit the mangrove swamps, 
where thev feed on crabs. and 


snails insects at 


MAROJA 


used rhesus monkeys, 


AND MACEDO 


ground level and raid the cornfields and fruits of 
the sparsely wooded areas. Because they must 
instead of 
swinging from treetop to treetop as their brothers 


pass through low bushy growth 
of the jungle do, the seacoast island Cebus are 
easily captured alive in almost any ground trap 
baited with 


tested, they usually have been free of antibodies 


corn OF bananas Moreover, when 
to most of the viruses encountered in the Belém 
area 

\fter capture, the monkeys are taken to the 
village in canoes and transported by truck to the 
Belém laboratory, where they are placed in 
screened quarters in small groups, or in individual 
cages. Each animal is assigned a number which 
is tattooed in the ear and stamped on a brass tag 
the Normal 


before an animal is 


chain around waist. 
taken 


placed in the forest on sentinel duty. 


secured to a 


blood samples are 


Various methods are employed to confine the 
sentinel monkeys for exposure to bite of mos 
quitoes in the forest. Two kinds of wide mesh 
wire cages are used, one with longitudinal wires 
fastened with two cross supporting strands, the 


other with large square mesh. Over the top of 


Fic. 2. Wire cage 


suspended in forest 


with sentinel cebus monkey, 
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Fic. 3. Open platform with sentinel monkey chained to rod 


each cage is an aluminum cover to protect the 
animal from rain and sun, and food and water 
containers are secured inside, as well as a cross 
rod near the top on which the animal can perch 
also obtain better Figure 2). 


and protection 


The floor is a smaller wire mesh than the sides 
but with spaces large enough to allow refuse to 
fall through. Instead of the wir 


platform with a roof and enclosed shelter at one 


cage, an open 


end is sometimes employed (Figure 3). The 
disadvantage of this type of confinement is that 
the animals at first often wound themselves in 
trying to tear away from the belt by which they 
are chained to a longitudinal rod on the platform 
floor. Once accustomed to the belt, however, they 
actually have more freedom than do the caged 
animals. Care must be taken to suspend these 
platforms beyond the reach of predatery beasts. 
The better 
protected from this hazard, but they too must be 


monkeys in cages are somewhat 


suspended at a suitable height (3 to 4 meters) 


and at a sufficient distance from large limbs and 
trunks of trees. 

\ pulley is used to raise and lower the cages 
and platforms for daily observation and care of 
the animals. The monkey s are fed a balanced diet 
of dry biscuits and bananas, and are given fresh 
water at each visit. An early problem encountered 
with the their habit of 


picking up and throwing away anything which 


caged monkeys was 
did not appeal to them at the time of feeding or 
was left over after their immediate appetite was 
satisfied. To compensate for this improvidence, 


their dry ration is placed in a tightly covered 


can with a slit in the bottom just large enough 
for the monkey to extract a single biscuit at a 
time. After the animal is satisfied, he ceases to 
finger the slit to obtain food, but will go back for 
more later. By means of this feeder and a simple 
automatic waterer, consisting of a quart bottle 
outside the cage connected by a curved pipe to 
a watering cup inside, sentinel monkeys can be 


used even where daily feeding is impractical. 


The monkeys are bled twice a week from the 
femoral vein for virus isolation and once a month 
(Figure 4). The 
blood taken semiweekly can be 


for serum antibody studies 
quantity of 
very small, since the serum must be diluted 1:5 
The 


monthly bleeding is large enough to serve as a 


because of its toxicity for infant mice. 
possible preinfection sample in serological tests. 
When a sentinel is found to circulate virus, it 
usually is withdrawn from the forest and kept in 
screened quarters at the laboratory. If the 
animal survives, samples of blood for antibody 
tests are taken 20, 30 and 60 days after infection. 
If it 


spleen, liver and kidney are removed for mouse 


dies during convalescence, samples of 
inoculation, and in some cases for preservation for 
histopathological studies. 

Between December, 1954, and May, 1959, a 
total of 230 sentinel monkeys was exposed in the 
Belém. Arbor virus was 
isolated from 144 of these, or 62.6°% (Table 2). 


An average of 12 blood samples was examined 


forested areas around 


from each monkey, and virus was isolated from 
221, or 7.4%, of the 2,977 specimens studied. 


While the table shows the number of sentinel 
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Sent el monke vs are 


the number of 
much greate! 
isolations represent 
successive samples 
asions 


SUriie 


led twice a week for virus isolation 


wainst sun and rain, predatory animals and 
birds, and invasion by ants, and at the same time 
provide free access of mosquitoes or other winged 
hematophages Qt the two tvpes of contaimers 


devised, the one more extensively used is an 


adapted wire test-tube basket, 4 in <x 4 in 


5.5 in., fitted with a wire top and an aluminum 
strip around the bottom of the basket to ensure 
confinement of mother and babies. Shavings are 
provided for bedding, and pelleted food and a 
vater bottle are supplied for the mother. This 
ontainer is hung by a hook under an aluminum 
hood, 22 in. square at the bottom, 4 in. square at 

top : 15 in. deep (Figure 5 \osquitor s 
oming to the bait rest on the wire mesh or on 
the inside surfaces the iluminum hood, and 
those present at any given time may be collected 
by covering the bottom of the hood with a tightly 
fitting screen (Figure 6 he screen is provided 
vith a cotton cloth sleeve to facilitate removal 
of the mosquitoes with a suction tubs 

Sections of round clay drain tubes, 24 in 


ilso been used to expose sentinel mice 
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TABLE 2 
Sentinel animals in forest, showing number exposed and infected; number samples eramined and number 


and percentage with virus; and number of sentinel days per virus isolated or group infected 


Sentinel mouse (23 months 


Sentinel monkey 
54 months Individuals 


Groups 


Adult Infant 


Number exposed & 311 1,711 
Number infected 
Per cent infected 
Samples inoculated 
Samples with virus 
Per cent samples with virus 
Sentinel days 
Total 
Per virus isolated 
Per group infected 


Fic. 5. Aluminum hood, and basket of sentinel mice to be suspended under hood in forest 


These are equipped at the ends with inverted — also be suspended by wires and overhead pulley 
funnels made of wire screening and are mounted — This type of container was considered to represent 


near the ground on forked iron supports with an approximation of conditions in ground nests 


guards to prevent entrance of ants. They may — or fallen tree trunks, and it was hoped that it 
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Fic. 6. Mosquitoes resting under aluminum hood are trapped by fastening screen cover, provided with 


cloth sleeve. over bottom of hood 


therefore facilitate isolation of 


transmitted in 


would 


that 


viruses 


might be such situations; 

moreover, it appeared to have the advantage of 

retaining the mosquitoes that ventured to attack 

the host. It that 

relatively few tubes 

The open bette! 
f } 


access of hematophagous insects. is now generally 


noted, however, 
entered the 


which 


was soon 
mosquitoes 
mesh container, allows 
used 

(ny one group of sentinel mice is exposed in 
the forest for 24 hours and then returned to the 
ke pt 


sacrificed for 


laboratory, wher th: mice ure under 


observation for 21 days or until 
virus isolation. Limiting the period of exposure 
calculation of incubation 


host 


Dass [01 


provides a 


ertebrate following natural 


forest 


time in the 


inoculation by arthropod. In addition, 


withdrawal of the sentinels soon after infection 


minimizes the possibility of the animals’ infecting 


new mosquitoes 
The disad 


antage of not being able to obtain 


convalescent sera from the infant host for proof 
of origin of virus is partially offset by the possible 
multiple isolation of the same virus from different 


members of a sentinel group. Moreover, if the 


adult mouse is infected and survives, convalescent 


sera can then be collected. Sera from mothe 


mice are also examined for possible antibodies 


produced by an inapparent infection. 


\s shown in Table 2, of a total of 311 mouse 


992 


groups used as sentinels during a 23-month 


> mE 


period, 42 groups, or 13.5%, vielded one or more 
viral strains. In the early experiments, mice were 
left in the forest for 2 or 3 days when mosquitoes 
and the 


number of mouse group sentinel days is therefore 


appeared to be less abundant. total 


169, or 11 davs per infected group This is less 


than one-quarter the number of monkey sentinel 
days per virus isolated. One hundred three viral 
strains were isolated from 321 infants passaged, 


and 13 strains from 95 adults passaged (Table 2). 
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> 


3. Forest irthropods 


\ll hematophagous arthropods are considered 
potential hosts of arbor virus. Mosquitoes are 
captured routinely, principally with human bait; 
collected 
and studied less regularly. The original capture 


other hematophagous arthropods are 


team consisted of four boys working in pairs 4 or 
5 days a week between 9:00 and 15:00 hours, 
diurnal most active in 


when mosquitoes are 


blood. 


working 2 hours in the morning twice 


seeking human Later, only two boys, 
a week, 
were employed. Mosquitoes are captured before 
securing a blood meal when they alight on human 
bait, and are confined individually in small shell 
cotton 


covered by filter paper in the bottom and closed 


vials, prepared with a layer of moist 
with a wire gauze stopper. This individual storage 
facilitates collection of eggs for species identi- 
fication, when this is desired, and eliminates the 
damage often observed when numerous speci- 
mens are transported together in one container. 
Mosquitoes are also trapped in bird- or animal- 
baited with slit 
entrance, or they may be caught 


screened cages openings for 
as resting 
specimens as described in connection with the 
use of sentinel mice. Each day’s catch is identified 
on the same afternoon, whenever possible, and 


kept Blooded 


specimens, however, are left at room temperature 


overnight in the deep freeze1 
to digest the meal in the gut. The following day, 
the mosquitoes are sorted and processed for 
infant mouse inoculation 

a total of 140,507 mos 
quitoes was collected and processed during the 
These 


were tested for virus by inoculation into suckling 


\s shown in Table 3, 
54-month period covered by this report 


mice as 1,827 pools, of which 33, containing a 
total of 
each. It is assumed that probably not more than 
infected 


positive pool. Although the number of isolations 


2,658 mosquitoes, vielded one virus 


one mosquito was present in each 


is relatively small, the percentage ol positive 
pools (1.8) and the apparent density of infected 
individuals (1 in 4,000) are considered to indicate 
a satisfactory rate of isolation of virus from 
arthropod vectors in a tropical forest where life 
expectancy of mosquitoes may be very short 
during periods of heavy rainfall. 

Mosquitoes collected on human bait have been 
about equally divided between the tribes Culicini 
and Sabethini (Table 3). In the preparation of 


pools for inoculation, all Culicini were identified 


TABLE 3 


Kind and number of mosquitoes eramined for virus, 


November 1954 to May 1959 


Number 
inoculated 


Kind collected 
On human bait: 

CULICINI 
Aedes arborealis 32 
argyrothorax 240 
fulvithorax 30 
3,260 
15,882 
2,038 
10,076 
22,914 
terrens 205 
1,660 
3,942 
4,629 
Culex (Melanoconion) sp. 424 

SABETHINI 
Not identified to genus 


fulvus 
scapularis 
septemstriatus 
serratus 


sexlineatus 


Haemagogus sp. 
Mansonia sp. 


Psorophora sp. 


69 ,038 
Trichoprosopon digitatum 2,327 

ANOPHELINI 869 

On mouse bait: 

2,941 


Culex (Melanoconion) sp. 


Total 140,507 


to genus, but only the Aedes were identified to 
species. Sabethini were treated as an entity, 
except that when T'richoprosopon digitatum was 
found in fairly large numbers it was separated as 
isolated 
from 15 pools of sabethine mosquitoes, 2 of which 


a species for inoculation. Virus was 
were composed of 7’. digitatum only. Seven pools 
of culicine mosquitoes yielded virus: three of 
Haemagogus sp., one of Culex (Melanoconion) 
sp., two of Aedes scapularis and one of A. serratus. 
Four positive pools were composed of mixed 
species and genera of Culicini, and five additional 
positive pools contained Sabethini as well as 
Culicini. 

bait 
principally Culex (Melanoconion) sp. Two pools 


Mosquitoes caught with mouse were 


of these yielded virus. 


,. Wild Animals 


The vertebrate wild life in an endemic area 
should be suspected of participating in arbor 
virus cycles. Trapping of animals and birds for 
virus and antibody studies therefore constitutes 
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irrving case and containers for trans 


portant part of 


Arbor 


epidemiological investiga 

17 
th 
isolated strain 


have been isolated from 


iruses 


OpOsst 


ims and sloths trapped in 


ind antibodies to the 


dd 
ertebi 


emonstrated In a number ol 


Results of 


spec 


studi 


ites.* thes« 
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Suspected material 1s 


in 
t-day 


inimal | 


») 


into to 


ind most 


100d 


indiluted in 0.02-m!i amounts 


which 


monks serum, Is TOXK 


5 in 0.75 buffered bovine 
other 
0.75%, 
head 
and 
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t parts buffered 
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portation of mouse groups for inoculation in field 


amounts 


in the same way, except that 1,200 units 


penicillin and 10 mg of streptomycin per milliliter 
added to the diluent 
usually 


to 2 ml of 0.75' 


ure 
100 o1 triturated in 


bovine albumin diluent contain 


less, 


in groups ol 
ing 1,200 units of penicillin and 10 mg of strep 
tomvcin 
15 
remaining 


the 


pel 


minutes at 3,000 rpm. The 


alte 
75°F freezer for reisolation attempts 
twice daily 


observed 


cit 


Ino ulate d mice 
15 to 20 day 


ure 


s, or until they 


or are 


with f infection. Passages mace 


signs O 


are 


ic. injection of a centrifuged suspension of 
infected brain, or brain and liver, 
bo 


parts ine albumin diluent 


through a Seitz tvpe or other suitable 
test I 
lethal agent 
rhe BD 
Belém lal 


th 


or bacterial sterility, is required before 


is accepted as a filtrabl 


Swinney syringe filter is used in 


oratory because of its convenience 


e hitration of small quantities 





lissues from dead animals are handled 


(Arthropods are pooled, 


milliliter and centrifuged for 30 to 
supernatant 
inoculation into mice is kept in 


lol 
sacrificed 


by 


triturated in 9 
Proof of filtrability 
filter, with 


Virus 
the 


lor 


ARTHROPOD-BORNE VIRUSES IN BRAZIL 


Although the normal procedure is to inoculate 
mice in the laboratory, when collected material 
cannot be processed within 24 hours, mice may 
be transported to the field for inoculation. For 
this purpose, carrying cases have been designed 
that hold 12 to 36 newborn mouse families or 
gravid females (Figure 7). The cases consist of 
light wooden frames, covered with fine wire 
mesh and fitted with 
shelves on which are placed individual containers 
made from 1-lb powdered milk cans, 4 in. X 
4.5 in. To provide ventilation for the mice, the 
top of the can and the lid are cut out and wire 
screening soldered in place. When the containers 


screening removable 


are outside the support, mosquito netting is 
added. Water is supplied to the mice in vaccine 
bottles with glass tubes, and food is given in the 
form of dry biscuits or pellets. 

Tissues of dead animals collected in the field 
are preserved temporarily in 50% buffered 
glycerin. When the material cannot be processed 
promptly, it is washed thoroughly in physiological 
saline solution and prepared as a 20% suspension 
in bovine albumin, since experience has shown 
that prolonged storage in glycerin results in 
considerable loss of titer and eventual inactiva- 
tion of some arbor viruses. The 20% emulsion 
can be stored for long periods in the —75°F 
freezer, and in this way the fatal or latent infec- 
tive agents from wild animals may be preserved 
for subsequent study. 

Preservation of virus. Isolated agents may be 
wet-frozen 20% 
emulsion in the —75°F freezer. For long-term 
storage, however, or for shipment, the viruses 


stored as centrifuged brain 


are preserved as 20% centrifuged brain emulsion, 
or whole serum, desiccated from the frozen state. 
This lyophilization is accomplished with simple, 
relatively inexpensive equipment by shell freez- 
ing 0.5- or 1.0-ml amounts in ampules in a 
mixture of CO: ice (prepared from compressed 
carbon dioxide gas) and absolute alcohol, and 
then drying the ampules over sulfuric acid in a 


desiccator jar evacuated by suction pump, as 


described by Sawyer et al. The pump is run for 
2.5 hours the Ist day. After overnight storage in 
an ordinary refrigerator, or preferably in a 
household-type deep freezer at -—10°F, the 
vacuum is exhausted through a flask containing 
calcium chloride to dry the incoming air, a 
granule of anhydrous calcium chloride is placed 
in the neck of each ampule as a moisture indicator 
and the acid is changed in the desiccator jar. 
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At the end of a second 2.5-hour period of evacu- 
ation, the jar is filled with nitrogen gas and the 
ampules are sealed off in the flame and stored 
permanently, at either freezer or ordinary icebox 
temperature. This method has been used success- 
fully in this laboratory during 3 years when 
neither CO, ice nor low temperature, mechanical 
refrigeration was available. Although electric 
power is now adequate for the operation of 
modern freeze-dryers, the old method continues 
to be used because of its economy and con- 
venience for the processing of small numbers of 
ampules. The large jars with 280 ml of sulfuric 
acid can be used for the desiccation of up to 40 
ampules containing 0.5 to 1.0 ml fluid. Smaller 
jars are more conveniently stored and are em- 
ployed when only a few specimens are to be 
dried. 


IDENTIFICATION OF VIRUS 
Exotic viruses for use in identification of 
locally isolated agents were not imported by the 
Belém laboratory so as to avoid the implication 
of dissemination of foreign viruses should they 
later be discovered in the area. Accordingly, 
lyophilized samples of all the viruses collected 
during the first 3 years were sent to The Rocke- 
feller Foundation Virus Laboratories in New 
York for study and comparison with material 
from other parts of the world. As the various 
agents were identified in New York, immune 
sera were prepared with them in Belém, and it 
thus became possible to recognize by both 
serological and biological tests many viruses as 
they were isolated, and to separate the new and 
different strains among them. Final serological 
identification of a new virus, however, must be 
made in a laboratory where virus and antibody 
of related species can be checked in reciprocal 
tests. These tests were made in the New York 
laboratories, and are reported separately. 
Observations on inoculated mice have been 
found useful for the preliminary recognition of 
many of the arbor viruses indigenous in the 
Belém study area. When a standard inoculum of 
0.02 ml supernatant from 10% brain suspension 
is used, certain objective signs occur in the mice 
in patterns regular enough to characterize certain 
groups or types of virus. Such signs include 
response to intracerebral and intraperitoneal 
injection, average survival time (AST) of infants 
and adults, type and duration of paralysis, and 
titer of virus causing 50% mortality (LD50) in 
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TABLE 4 


Average survival time 


AST) of mice inoculated with virus strains isolated in the Amazon region and titer 


of virus causing 50% mortality in mice 


Serological group 


Group A 
VEE 
EEE 
Mayaro (H 407) 


Group B 
Bussuquara (An 4073) 
Ilhéus 


Yellow fever 


Group C 
An 17 
(An 913 
Marituba (An 15) 
(H 7229 
Murutucu (An 879) 
Apeu (An 848 
Caraparu (H 5546) 
(An 7981) 


Oriboca 


mm DS = Dw 


Guamé group 
Guamaé (An 277) 
Catd (H 151 


Bunyamwera group 
Wyeomyia (Ar 278, Ar 671) 
Cache Valley (Ar 7272) 
Kairi (Ar 8226) 


California complex 
Tr 9375 (Ar 8033) 


Ungrouped 
Tacaiuma (An 73 
irr. = death of some mice 
t — = AST >20 days 
infants and adults by i.c. and i.p. inoculation. 
Table 4 is a compilation of some of the informa- 
tion on 18 viral agents identified from the Belém 
study area. To facilitate the utilization of these 
data, the salient points have been arranged in a 
dichotomous key in Table 5. It should be empha- 
sized that this key is designed for, and applicable 
to, early passages of isolates so far obtained in 
the study area with the techniques and mice 


Infant 


AST Titer of virus (log LDse) 


Adult 


Adult 


Infant 


ie. 


G0 GO cn Gn Gn 


employed in this laboratory. It is a guide for 
subsequent serological studies and is not intended 
as a means for definitive identification. 

As shown in Table 5, the pathogenicity of a 
new isolate for adult mice serves as the first 
differentiation among strains (couplet 1). When 
the virus kills adults, the average survival time 
(AST) in infant mice is the second criterion 
applied (couplet 2), followed by the AST in 
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TABLE 5 
Key for the provisional identification of virus 
isolated in Belém according to observations 
made on inoculated mice 





. Kills infants and adults 2 
Kills infants and some or no 
Seer ae ——e 
2. Kills infants in 1 to 2 days 3 
Kills infants in 3 or more 
days.... ; 8 
. Kills adults in 2 to 3 days 4 
Kills adults in 4 to 6 days, log 
LDxo > 8... 
. Log LDsgo in adults > 8 
Log LDgo in adults < 8. 


VEE 

EEE 

Oriboca (in 
part) 

Murutucu 

Caraparu (in 
part) 

Marituba (in 
part) 

5. Kills infants and some adults. 6 

Kills infants only..... ; 7 
. Kills infants + 2 days. . Marituba (in 
part), Apeu 

. Guamé, Catd 
Caraparu (in 

part) 
Oriboca (in 
part) 

. Mayaro, Kairi 
Cache Valley 
(new viruses 

under 

study) 
Yellow fever 
Ilhéus 
Bussuquara 
Tacaiuma 
Log LDgo infants + 6.5 9 

. Kills infants + 3 days Tr 9375 (Ar 
8033) 

Wyeomyia 
(Ar 278, Ar 
671) 


Kills infants in 3 to 5 days 


. Kills infants + 3 days... 


Kills infants + 5 days 


. Log LDgo infants + 8.0 


Kills infants + 5 days 





adult mice (couplet 3) and by the titer of 50% 
mortality in adults or infants (couplets 4 and 8), 
with a final differentiation of certain strains by 
the AST in infants (couplet 9). Viruses that do 
not kill adult mice regularly are separated into 
two groups: those which kill infants and some 
adults, and those which kill infants only (couplet 
5). These two groups are further divided accord- 
ing to the AST of inoculated infants (couplets 6 
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and 7). Although not all strains of arbor virus 
isolated from the study area fit smoothly into 
this key, a large number can be sorted out by it 
and then identified serologically with a minimum 
expenditure of time and mice in neutralization 
tests. 

Simultaneously with, or following, biological 
characterization of an isolate by action in mice, 
the serological group affinities of a new isolate 
are explored by the complement-fixation (CF) 
test, using crude saline antigens and immune 
sera. Originally single injection specific sera were 
used, but subsequently group sera were employed. 
Antigens are prepared from both brain and liver 
of inoculated infant mice which show definite 
signs of illness. Liver antigen is included in the 
test of an unknown virus because it has been 
shown’ that many group C agents give a signifi- 
cant CF titer with this antigen but little or none 
with brain antigen. The supernatant from a 
centrifuged 10% physiological saline suspension 
is designated as undiluted antigen. This may be 
used immediately or stored frozen; it can also be 
kept for several days in the refrigerator without 
apparent loss of CF titer. Group antisera are 
prepared in adult mice by successive subcuta- 
neous injection with 0.1 ml live virus of several 
types of any group into the same mice at about 
10-day intervals, according to the suggestion of 
Casals.’ Only local isolates are used for antiserum 
production. Hyperimmune sera for group A, B, 
C and Guamaé viruses are used routinely in CF 
tests and this practice results in the group 
identification of the majority of isolates. Agents 
that are negative with antisera for these four 
groups are tested with sera for local isolates of 
the Bunyamwera group (including two strains of 
the Wyeomyia complex) and of the California 
complex as well as with miscellaneous strains not 
shown to belong to existing serological groups. 

Although the CF technique can also be used 
for identification of types within some groups, 
the method of choice for specific classification 
has been the neutralization test in mice. Quite 
recently* the laboratory has begun to use the 
hemagglutination-inhibition (HI) test on lucite 
plates with sucrose acetone extracted mouse 
brain or acetone extracted mouse serum, goose 
cells and hyperimmune sera.’ 

* The serology section was reorganized and aug- 
mented with the assignment of Dr. Robert E. 


Shope to the Belém Virus Laboratory during the 
last 6 weeks covered by this report. 
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During the first 3 years, when electricity was 
inadequate for low-temperature or even constant 
refrigeration, all antigens for neutralization tests 
were prepared from fresh autopsy material at 
the time of use. Twenty per cent brain suspension 
in buffered 0.75% bovine albumin diluent was 
prepared, spun for 15 minutes at 2,000 rpm in an 
angle head centrifuge and kept in an ice bath 
during preparation of serial decimal dilutions 
with bovine albumin diluent. Now that adequate 
electric power is available, ampules of 20% brain 
antigen or serum can be stored for long periods 
at —75°F in the mechanical freezer. 

Immune sera for specific identification in the 
neutralization test are produced in cebus mon- 
keys. The animals are bled for preinfection serum 
inoculated subcutaneously with 
0.5 ml of a freshly prepared centrifuged 10% 
mouse brain suspension in saline. Postinfection 
sera are taken 3 or 4 weeks later and thereafter 
at monthly intervals. Usually several bleedings 


sample and 


are pooled and tested for specificity and titer. 
In order to achieve valid comparisons between 
sera in the neutralization test, all specimens, 
both those recently collected and those subjected 
to variable conditions of storage, are inactivated 
at 56°C for 30 minutes and normal fresh serum 
added. Rabbits have been chosen as the source 
of fresh serum factor because they can be reared 
in the laboratory and tests have indicated that 
they are free of antibodies to the indigenous 
viruses. 

The test is set up using 0.1 ml virus in 4-fold 
concentration, 7.e., dilutions 1:25, 1:250, etc.; 
0.1 ml inactivated test serum; and 0.2 ml fresh 
rabbit serum. This gives a final dilution of 1:4 for 
test sera and final dilutions of 10-*, 10-, etc., of 
virus. The test is incubated at 37°C for 1 hour 
and kept in an ice bath until inoculation. Three- 
to six-day-old mice are inoculated i.c. with 0.02 
ml of the serum-virus mixture, the younger mice 
being pathogenic only for 
infants and the slightly older mice for agents 
that also kill adults. The routine use of infants in 
these tests results in significant saving of time, 


used for viruses 


space and food; moreover, no attempt need be 


made to adapt virus to older age groups. 


DESCRIPTION OF ISOLATES 

In the period covered by this report, 451 
strains of arbor virus were isolated in the Belém 
study area. These have been found by the New 


CAUSEY, CAUSEY, MAROJA AND MACEDO 


York laboratories to comprise 18 serological 
types, of which 10 are identical with or related to 
known viruses in groups A and B,” the 
Bunyamwera group" and the California com- 
plex;!* seven have been shown to constitute two 
new serological groups designated C’ and 
Guamé4;" and one is still ungrouped for lack of 
known relatives. Nine of the new viruses are so 
far found only in the Amazon region. Table 6 
lists these 18 entities according to serological 
group and shows the sources from which they 
have been obtained in the study area. In the 
following section, details are given of the isola- 
tions, together with information on the clinical 
manifestations of the illness the agents produce 
in man and on their behavior in sentinel animals 
and in laboratory animals following isolation. 


1. Group A Viruses 


Three agents belonging to group A have been 
isolated in the Belém study area: Venezuelan 
equine encephalomyelitis (VEE), Eastern equine 
encephalomyelitis (EEE) and Mayaro. 

VEE virus. This virus has been encountered 
in man, sentinel and wild animals and mosquitoes 
(Table 6). The first strain, An 8, was isolated 
from a blood sample taken from a sentinel 
monkey in the Oriboca Forest on December 27, 
1954, 7 days after this monkey and 10 others had 
been posted there. A convalescent serum col- 
lected 1 month later showed a rise in neutralizing 
antibodies for VEE. The following March, strain 
An 302 was isolated from another sentinel 
monkey stationed in the same forest, and in 
August VEE was obtained from the blood of a 
spiney rat (Proechimys sp.) trapped in the 
Utinga Forest. During early 1955, the virus was 
also isolated from four pools of mosquitoes 
collected on human bait in the Oriboca Forest. 
One pool consisted of 12 Haemagogus, another 
of 17 Aedes serratus, and 2 contained 125 sabe- 
thines each. 

Seven weeks after the discovery of the first 
strain, a case of VEE infection was found in a 
24-year-old white laborer who had been employed 
in cutting timber in the Oriboca Forest since 
November, 1954. When brought to the laboratory 
on February 7, he maintained that his indisposi- 
tion was due to a minor foot injury, but routine 
examination revealed a temperature of 102.9°F 
and a white cell count of 10,000. Subsequent 
questioning on succeeding days failed to elicit 
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TABLE 6 
Virus isolations from the Belém study area by serological group and by source 








Group Species 





EEE 
Mayaro 


VEE 


Bussuquara 
Iihéus 


Yellow fever 


Apeu 
Caraparu 
Marituba 
Murutucu 
Oriboca 


Guama4 
Catt 


Guamé 


Bunyamwera Cache Valley 
Kairi 
Wyeomyia 


California complex Tr 9375 


Ungrouped Tacaiuma 


any admission of pain or illness. Blood culture 
and malaria smear were negative. The serum 
sample inoculated into mice, however, yielded 
virus H 150, which proved to be VEE. Compari- 
son of the acute-phase serum with a convalescent 
specimen obtained 23 days later showed a rise of 
more than 2 logs in neutralizing index for the 
virus. 

Of 201 laborers examined in the Oriboca 
Forest in 1955 and 1956, 12, or 6.0%, were found 
to possess neutralizing antibodies for VEE 
virus. However, among a group of 40 residents at 
the Sitio Castanhal on the Oriboca River near 
its juncture with the Guam4, 7 persons, or 17.3%, 
had VEE neutralizing antibodies. 

Beginning in June, 1956, a search for human 
febrile cases of viral etiology was undertaken at 
the site of the Japanese Colony on the Guama 
River. Blood samples from four forest laborers 
seen during febrile attacks on the Ist or 2nd 
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Arthropod 
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day after onset yielded VEE; one isolation was 
made in July and one in September, 1956, and 
two in September, 1957. Comparison of acute- 
phase and convalescent sera from all four patients 
showed a rise of more than 2 logs in neutralizing 
index for VEE. Four of these five natural infec- 
tions in man were mild, involving elevation of 
temperature to 100° or 102°F for 2 or 3 days, 
headache and dizziness, nausea, photophobia, 
and vague muscle pain in arms, legs and back 
but not of sufficient intensity to induce the men 
to forfeit a day’s pay by returning to camp. 
The one patient whose illness was obviously 
severe, with convalescence prolonged over 
several weeks, had suffered a respiratory in- 
fection during the few days immediately preced- 
ing the VEE attack. 

Toward the end of 1955, the sentinel monkeys 
were transferred from Oriboca to the I.A.N. and 
Utinga Forests, nearer Belém. Here, 10 isolations 
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of VEE were mnade from the monkeys in 1956 
and 15 in 1957, as well as one isolation from a 
sentinel white rat. Convalescent sera from the 
monkeys that survived showed a rise in titer of 
VEE neutralizing antibodies. monkeys 
died during convalescence and the virus was 
isolated from the livers of two of them. 

In 1957 a strain of VEE was also obtained 
from a pool of six mosquitoes caught with 
rodent bait in the I.A.N. Forest. These specimens 
were identified as Aedes scapularis (1), A. serratus 
(3), Psorophora ferox (1) and Sabethini (1). The 
only isolation during 1958 was from a sentinel 
monkey in the I.A.N. Forest early in January. 
In April, 1959, the virus reappeared in an isolation 


Five 


from a sentinel mouse group in the same forest. 

Incubation period and length of viremia in 
natural VEE infections. Of the 22 sentinel 
monkeys that acquired VEE infections, 11 were 
found to viremia within 2 after 
being posted in the forest: one animal on the 
4th day, one on the 5th, six between 6 and 8 
days and three between 11 and 14 days. The 
remaining 11 monkeys were continuously exposed 


have weeks 


for periods ranging from 19 to 126 days before 
acquiring VEE infection. In the one group of 
VEE-infected sentinel mice, the infants became 
ill on the 3rd day after initial exposure and died 
on the 4th day; the mother acquired HI anti- 
bodies for VEE but showed no signs of illness. 
Seven of the 22 monkeys yielded virus on two 
Five of these 
animals showed virus over a 4-day period, one 


successive bleedings (Table 7). 


for 3 days and one for 5 days, giving a minimum 
average of 4 days of viremia per monkey. 

EEE virus. EEE virus has been isolated from 
seven sentinel monkeys, all of which showed 
neutralizing antibody conversion between pre- 
and postinfection sera, and from one unit (two 
babies) of sentinel mice. The first strain was 
obtained from an adult male Cebus, one of nine 
sentinels suspended individually in wire cages in 
the Oriboca Forest at the side of a trail near a 
permanent stream. The fifth serum sample from 
this monkey, taken on February 16, 1955, 
yielded strain An 221. A second monkey in the 
group showed conversion for neutralizing anti- 
bodies to EEE between January 25 and February 
25, but virus was not isolated. In 1956, five 
strains were found in sentinel monkeys in the 
I.A.N. Forest: one in January, one each in May 
and June, and two in July from successive bleed- 
ings from the same monkey. Two more strains 
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were obtained from sentinel monkeys in this 
forest in March and July, 1957. In March, 1959, 
the virus was isolated again in the I.A.N. Forest, 
this time from two infants in a sentinel mouse 
group. 

No human beings or mosquitoes infected with 
EEE have been encountered in the study area. 
In the preliminary survey, however, neutralizing 
antibodies for this virus were demonstrated in 
the sera of residents of three localities in the 
Amazon region. At Cametaé and Abaetettiba on 
the Tocantins River, 12 of 41 and 1 of 31 sera 
were positive, and in the I.A.N. Forest, where 
most of the strains have been isolated, 3 out of 
47 residents showed EEE antibodies.' In later 
investigations, only 1 among 231 itinerant 
laborers in the Oriboca Forest had EEE anti- 
bodies, and there were no positive sera among 
40 residents at the Sitio Castanhal in this forest. 

Protective antibodies for EEE have been 
demonstrated in the blood of 4 out of 30 horses 
from the area around Capanema on the littoral 
northeast of Belém. Sera from four others showed 
a protection rate in mice of 4/6 and an AST of 
7.5 days as compared with 1.8 to 3.7 days for 
negative sera. Clinical encephalitis in horses is 
reported in this region nearly every year, usually 
between January and March, the period of 
heaviest rainfall. Isolations of EEE in the study 
area have been made only during the first 7 
months of any year. 

Mayaro virus. In the Belém study area, this 
virus has been obtained only from man. Six 
isolations were made during an epidemic of 
febrile illness in quarry workers and their families 


TABLE 7 
Naturally acquired infections in sentinel monkeys 
with VEE, group C and Guamé group viruses 





Days with demon- 


Monkeys infected | pore aa yc Seana 9 
} 


| Two | 
| isolations 


Mi 
se Total | m 





n 


nl- | Maxi- 
mum 


VEE 
Group C 
Guamé4 group 


28*|34.1| 126 | 4.5 | 
144/40.0, 83 | 6.0 1 





* Including three isolations from one monkey. 
t Including three isolations from three mon- 
keys. 
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at Fronteira on the Guam4 River in April and 
May, 1955.4 The virus was not encountered 
again until May, 1958, when it was isolated from 
the blood of two woodcutters in the Oriboca 
Forest about 160 km down river from Fronteira. 
These patients were recent arrivals in the area. 
As in the earlier cases, there was low grade fever 
for 4 or 5 days, severe headache and muscle and 
joint pains. Recovery was uneventful. 


2. Group B Viruses 


Three agents classified in antigenic group B 
have been isolated in the Belém study area: 
yellow fever, Ilhéus and the new agent 
Bussuquara. 

Yellow fever virus. The first viruses isolated at 
the Belém laboratory from human febrile illness 
were 10 strains of yellow fever from woodcutters 
in the Oriboca Forest. These and the subsequent 
isolations from four pools of mosquitoes and 11 
other cases in man have been reported.* Since 
May, 1955, no further strains have been found. 

Ilhéus virus. This virus has been isolated five 
times, once from a sentinel monkey, twice from 
man and twice from mosquitoes. The first strain, 
An 7401, was obtained from a blood sample 
drawn from the monkey in June, 1957, in the 
I.A.N. Forest. The convalescent serum showed 
conversion for neutralizing antibodies to the 
virus. 

The first isolation from man was made at the 
Japanese Colony on the Guamd, where H 7445 
was obtained in blood collected June 20, 1957, 
from a Brazilian carpenter’s assistant, who 
spent his leisure hours hunting in the adjacent 
forest. The patient was seen on the 2nd day of 
illness, with a fever of 100°F and complaining of 
headache and dizziness. His white blood cell 
count was 3,800 and examination for plasmodium 
was negative. When next seen on July 9, he 
reported that his fever had subsided after the 
5th day but that he had been unable to work for 
the succeeding 10 days because of pronounced 
muscular weakness in arms and legs. The second 
human strain, H 10373, was isolated in 1959 
from a young woman seen during investigation 
of febrile illnesses reported from the district of 
Ourem, 100 km east of Belém on the Guamé 
River. This patient, who lived on the outskirts of 
the village, made regular visits for laundry and 
bathing to a nearby stream, which was bordered 
on the far side by dense forest. The blood speci- 
men that yielded the virus was obtained on the 
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3rd day of illness, when the patient’s temperature 
was 100.2°F and pulse rate 94. In addition to the 
symptoms shown in the first case, she complained 
of photophobia, nausea, backache and muscle 
and joint pains. The next day her temperature 
was 99.4°F, pulse rate 86. Fever, headache and 
dizziness persisted through the 5th day, after 
which she reported an uneventful recovery. In 
both these cases, convalescent sera showed 
conversion for Ilhéus neutralizing antibodies. 

The remaining two strains were isolated from 
mosquitoes caught on human bait in the I.A.N. 
Forest. One was obtained in December, 1958, 
from a pool of 100 Aedes mosquitoes identified as 
follows: A. serratus (96), A. sezlineatus (2), A. 
argyrothorax (1) and A. fulvus (1). Reisolation 
was not attempted. The second strain was 
isolated from a pool of 67 Psorophora ferox in 
July, 1959. This agent was reisolated from the 
original mosquito suspension after 19 days in the 
—75°F freezer. 

With all five isolates, the initial incubation 
period in infant mice is 8 to 10 days. In subse- 
quent passages the incubation period is much 
shorter, and the AST for both infants and adults 
is reduced to around 5 days (Table 4). 

Bussuquara virus. Bussuquara has been iso- 
lated from sentinel and wild animals and mos- 
quitoes but not from man. It was isolated 
originally as An 4073 and An 4116 in two succes- 
sive blood samples taken from a sentinel howler 
monkey (Alouatta beelzebul) in the I.A.N. Forest 
on February 27 and March 2, 1956. Serological 
studies done in the New York laboratories showed 
the virus to be a new group B agent.“ Bussuquara 
was not encountered again until May, 1959, 
when eight strains were isolated, five from infants 
in two sentinel mouse groups, one from a pool of 
51 Culex (Melanoconion) sp. and two from wild 
rats (Proechimys sp.) trapped in the I.A.N. 
Forest. 


8. Group C Viruses 


The five agents classified in new serological 
group C’ have been isolated only in the Belém 
study area. Up to May, 1959, more than 200 
strains had been obtained from man, sentinel 
and wild animals and mosquitoes. These five 
entities have been identified by HI tests and 
neutralization tests in mice, and are designated 


Oriboca, Marituba, Apeu, Murutucu§ and 
Caraparu. There are three serological com- 
plexes within the group, composed of Oriboca, 
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Marituba-Murutucu and Caraparu-Apeu. Each 
complex includes a variety of biological types, 
from strains that kill both baby and adult mice 
quickly, such as An 17 (Oriboca), An 974 (Muru- 
tucu), An 3994 (Caraparu) and H 7229 (Mari- 
tuba), to the slower acting strains, An 913 
(Oriboca) and An 7981 (Caraparu). Intermediate 
between these extremes are the isolates in sero- 
logical type Apeu and many of the Marituba 
agents resembling An 15 (Table 4). With the 
quick-killing strains, the inoculated infant mice 
die in a tonic spasm after only a few hours of 
obvious illness. 

The titer of the 50% mortality for group C 
viruses is around 10-7 by both i.c. and i.p. 
inoculation of brain suspension in infant mice, 
except for Caraparu strains which frequently 
show a titer about 1 log lower. Moreover, with 
strains that kill adults regularly, the titer is the 
same for both infants and adults (Table 4). 

Group C virus was isolated from 82, or 56.9%, 
of the 144 sentinel monkeys that yielded arbor 
virus (Table 7). Twenty-eight of these, or 34.1%, 
showed viremia on two or more successive bleed- 
ings, making a total of 126 days of viremia. 
The minimum average period of viremia was 4.5 
days, and the maximum demonstrated period 
for any one monkey was 8 days. 

Information on incubation time of group C 
viruses following natural infection by mosquitoes 
in the forest can be gained by observations on 
sentinel mice. Thirty-nine, or 12.5%, of the 311 
exposed groups of mice acquired group C infec- 
tions during 24 hours of exposure per group, and 
viral strains were isolated between the 2nd and 
7th days after exposure. However, the great 
majority of isolations (92.3%) were made from 
sick or dead infants between the 2nd and 4th 
days after exposure. 

Oriboca virus. One of the first viruses to be 
recognized in group C, Oriboca has been isolated 
each year from man and sentinel monkey and 
mouse. The prototype strain, An 17, was isolated 
from the second bleeding of a sentinel monkey on 
December 30, 1954, 3 days after VEE was 
obtained from this same monkey and 10 days 
after the animal was posted in the Oriboca 
Forest. Comparison of pre- and postinfection 
sera by mouse protection test showed a rise in 
titer of antibodies to Oriboca as well as to VEE. 

In February and September, 1955, the virus 
was isolated from two laborers in the Oriboca 
Forest. The first strain, H 191, was obtained 
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from a 40-year-old man who had been employed 
at the rubber plantation for about a month and 
was engaged in digging out stones in the deep 
forest for the top surfacing of the road then 
under construction. He was encountered prostrate 
in his hammock on the 2nd day of an illness 
characterized by headache, constant fever and 
muscular weakness. His temperature was 101.5°F. 
Examination of blood smear for malaria was 
negative. His fever persisted for 4 days. A con- 
valescent serum was collected after 15 days, at 
which time he was doing light work but had not 
regained normal strength. When traced to his 
native village for a third sample 5 months later, 
he appeared to be in excellent health and had 
suffered no subsequent illness. The convalescent 
serum showed an increase in neutralizing titer 
for Oriboca virus. 

The second forest worker from whom this 
virus was isolated was a 25-year-old man em- 
ployed as a tractor driver in the transportation 
of sand, stone and timber through the forest. He 
had been working for the rubber company for 
about 5 months. When seen on the 2nd day of 
illness, he was at the rest house suffering with a 
headache, fever of 104.0°F, vertigo and nausea. 
His eyes showed considerable conjunctival injec- 
tion and he complained of photophobia. On the 
3rd day of illness, his fever subsided to 99.0°F, 
his pulse was 89 and white blood cell count, 
5,600. Malaria examination was negative. Al- 
though his services were urgently needed on the 
tractor, he was unable to work for 5 days. A 
convalescent serum sample taken 20 days later 
showed a 100-fold rise in neutralizing titer for 
Oriboca. 

Neutralizing antibodies for this virus have 
been demonstrated in the sera of 22, or 14.6%, 
of 150 persons examined. Of 47 sera from workers 
in the Oriboca Forest, 12, or 25.5%, were positive. 
At a sawmill 60 km distant, near the village of 
Castanhal, 2 of 17 children had protective anti- 
bodies. At the Guam4 Quarry, 150 km east of 
Belém, 4 of 34 sera were positive, and on the 
River Capim, 160 km south of Belém, 4 out of 
o2. 

Presumptive evidence that the vector of 
Oriboca is a forest mosquito is provided by the 
isolation of strain Ar 507 from a pool of 51 
sabethine mosquitoes caught in the Oriboca 
Forest in July, 1955, and of strain Ar 9259 from 
a pool containing 20 Mansonia and 1 Psorophora 
in July, 1958. 
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Marituba virus. Marituba virus has been 
obtained from both man and sentinel monkeys 
in the study area. This agent was originally 
isolated as An 15 on December 27, 1954, from 
the first bleeding of a sentinel monkey placed a 
week earlier in the Oriboca Forest on the bank of 
the stream Marituba. It was on this same day 
that the first strain of VEE was obtained. A 
convalescent serum collected after 6 weeks 
showed a greater than 100-fold increase in 
neutralizing titer for An 15. Although isolated 3 
days earlier than An 17 (Oriboca), this virus 
took longer to be established because of its 
slower action in weanling mice. 

In February, 1955, Marituba strain H 176 
was isolated from a 15-year-old boy employed in 
the Oriboca Forest as a mosquito catcher. He 
had been working for several weeks when he 
returned to the laboratory from a day in the 
woods with a severe headache and backache and 
a temperature of 102.2°F. His face was flushed 
and conjunctivae injected; weakness of the lower 
extremities dizziness 
Blood film was negative for plasmodium and 
blood culture proved sterile for bacteria. White 
cell counts on the Ist, 2nd and 4th days of illness 
were 6,200, 8,200 and 9,400, respectively. Fever, 
headache and muscle pains persisted for 3 days, 
during which time he was confined to his ham- 
mock. He remained pale and tired easily over a 
period of nearly 3 weeks. Neutralization tests with 
acute-phase and convalescent sera showed a rise 
in neutralizing titer for Marituba during con- 
valescence. 

Apeu virus. Apeu virus, the third antigenic 
entity to be recognized in group C, has been 
encountered in man and sentinel animals. It 
was first isolated in June, 1955, from a sentinel 
monkey exposed for 6 weeks in the Apeu Forest, 
about 40 km from the Oriboca study area. The 
following September it was isolated again from 
another monkey in the same forest, and in 
October from a sentinel monkey in the Oriboca 
Forest. It was this third strain, An 848, that was 
first studied and designated as the type for Apeu 
virus. 

Between May and August, 1958, the virus 
was isolated from three human febrile cases in 
the Oriboca Forest. Two of the patients were 
seen on the 2nd day of illness with temperatures 
of 100°F and white blood counts of 5,200 and 
4,250, respectively. The third patient was bled 
on the Ist day of illness, when his temperature 


and were pronounced. 
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was 98.8°F and white blood cell count, 7,000. 
Five days later, this patient affirmed that he 
had suffered headache, lumbago and joint pains 
for only 1 day. He had been working in the forest 
for 2 weeks. The first patient had been in resi- 
dence less than a week and the second for nearly 
2 months. 

Murutucu virus. This virus has been obtained 
from man, sentinel and wild animals and mos- 
quitoes. The first isolation was made in February, 
1955, as An 191 from a sentinel monkey in the 
Oriboca Forest. The virus was next encountered 
in October as An 879 from a sentinel monkey in 
the Utinga Forest. However, the first strain to be 
studied serologically and thus to be characterized 
as a distinct entity was An 974, isolated in 
December, 1955, from a sentinel monkey in the 
I.A.N. Forest, which is located on the ancient 
fazenda Murutucu of the Jesuit fathers. Since 
then, Murutucu virus has been isolated many 
times from sentinel mice and monkeys, as well as 
twice from trapped animals (Nectomys and 
Bradypus) in this same forest. In 1958 a pool of 
80 sabethine mosquitoes caught on human bait 
in the forest yielded strain Ar 8972. 

Two isolations of Murutucu were made from 
man in the Oriboca Forest in 1958, one in May 
and the other in August. The first patient was a 
24-year-old itinerant laborer from the agricultural 
region near Capanema on the Braganga railroad. 
He had come to work in the pepper fields at 
Oriboca in January, but early in May was trans- 
ferred to the job of woodcutting in the forest. 
On May 23 he returned from work with headache 
and fever. When he was seen on the following 
day, his temperature was 98.8°F and pulse 86, 
but he complained of headache, dizziness, muscle 
and joint pains and a sense of chilliness. Although 
he felt too ill to report for work, symptoms were 
not severe enough to keep him in his hammock. 
Blood was obtained for mouse inoculation and 
antibody study. Thick films, made both at this 
time and 2 days later, were negative for plas- 
modium. White blood cell counts on the 2nd, 
4th and 6th days of illness were 6,600, 4,100 and 
7,150, respectively. The patient reported recovery 
on the 6th day. Convalescent serum showed a 
rise of 10,000 LD in neutralizing capacity for 
the virus. 

The second patient was a 16-year-old immi- 
grant from the State of Ceara who had been 
working in the forest for less than 2 weeks. He 
was seen on the 2nd day of illness, confined to 
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his hammock with a temperature of 102.6°F, 
pulse 96, and the usual symptoms of headache, 
dizziness, photophobia, muscle and joint pain 
and nausea. Examination for plasmodium was 
negative. White blood cell count was 4,800. 
The patient reported recovery on the 5th day. 

Caraparu virus. Caraparu virus has been the 
most frequently encountered group C agent in 
the Belém study area. Strain An 3994, isolated 
from a sentinel monkey in the Utinga Forest in 
February, 1956, is considered the type strain 
because it has been used extensively for sero- 
logical studies. The name of the virus, however, 
is derived from the locale of the first isolate from 
man to be identified with An 3994 by neutraliza- 
tion test. This strain, H 5546, was obtained in 
September, 1956, at the Japanese Colony at the 
junction of the Caraparu River with the Guam4. 
The patient was a young Brazilian storekeeper 
who lived on the river bank, within a few meters 
of the uncut forest. He was discovered by the 
colony doctor on the Ist day of illness, September 
22. Blood samples were taken on September 24 
and 25, when the temperature of the patient 
was recorded as 100°F and 101.3°F, respectively. 
On September 25, white blood count was 4,400. 
Examinations for malaria and bacteria were 
negative. The patient complained of headache, 
vertigo, sore muscles and pain in the lumbar 
region. Conjunctival congestion and pallor of the 
skin were noted. His fever subsided on the 5th 
day, but muscle pain and weakness, especially of 
the lower extremities, persisted for several weeks. 
He was seen by the colony doctor at frequent 
intervals and was released as ready for work 
only after a month’s convalescence. From the 
serum sample collected on September 24, virus 
H 5546 was isolated in baby mice on the 4th day 
following inoculation. A convalescent serum 
obtained on October 16 showed a rise of more 
than 10,000 LDso in neutralizing capacity for the 
virus. 

In September and November, 1958, two more 
isolates from man were obtained from itinerant 
laborers in the Oriboca Forest. Both men were 
lifelong residents of coastal villages (Vigia and 
Curucga) and both had been working in the 
forest for 7 or 8 days before the onset of illness. 
The histories of the two cases were similar. Both 
patients were first seen on the 2nd day of illness, 
confined to their hammocks with temperature of 
102.2°F, pulse rate 87 and 88, white blood counts 
5,650 and 6,000, and negative malaria films. 
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They complained of severe headache, photo- 
phobia and back and muscle pain. Duration of 
illness was 5 and 3 days, respectively. 

In April, 1959, a fourth case of Caraparu 
infection in man was encountered, again in the 
Oriboca Forest. This patient was a 23-year-old 
laborer from Ceara who had worked on the 
Belém-Brasilia highway from October, 1958, to 
March, 1959, and had then come to Oriboca, 
where he was employed in the pepper fields and 
lived in a shelter at the edge of the forest. Virus 
H 10820 was isolated from the blood sample 
taken on the 2nd day of fever, April 17. At this 
time the patient was confined to his hammock 
with a temperature of 101.2°F. He complained of 
headache, dizziness, joint and muscle pains and 
backache. Physical examination was within 
normal limits. The spleen, liver and lymph nodes 
were not palpable. There was no rash and no 
neurological abnormality. White blood cell count 
was 6,450 and malaria examination was negative. 
When next seen on April 20, the patient reported 
that fever and other symptoms had persisted 
during 3 days. The virus was identified as a 
group C agent by CF test with saline suspension 
of brain and liver, and group sera produced in 
mice, and as a strain of Caraparu by neutraliza- 
tion test with monkey antisera for each of five 
type strains in group C. A convalescent serum 
obtained in May neutralized more than 10,000 
LDs5o of isolated virus. 

Numerous isolations of Caraparu virus have 
been made from sentinel monkeys in the Oriboca, 
Utinga and I.A.N. Forests and, since 1957, from 
sentinel mice in the I.A.N. Forest. One isolation 
was made in September, 1957, from a pool of 
eight mosquitoes identified as Aedes scapularis 
(2), A. serratus (2) and Sabethini (4). These 
mosquitoes were trapped with sentinel mice 
which also yielded the virus. 


4. Guamé Group Viruses 


The three agents classified in the new sero- 
logical Guamd group™ are closely related by 
CF but distinguishable by neutralization tests in 
mice. Two of the viruses have been found only 
in the Amazon study area. These are designated 
as Guamd and Cati, after the regions from 
which they were isolated. The third member of 
the group has been isolated from mosquitoes in 
Trinidad, West Indies."5 

More than 100 isolations of the Amazon strains 
have been made from sentinel monkeys and 
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mice, wild animals and mosquitoes, and 7 strains 
have been isolated from man. 

Infection with these agents in the sentinel 
monkey is characterized by a prolonged viremia 
of up to 12 days (Table 7). Among the 35 mon- 
keys that contracted natural infection with 
Guama group viruses, 14, or 40%, had detectable 
viremia in two or more successive bleedings, 
making a total of 83 days of viremia. The mini- 
mum average period per monkey was 6 days. 
Neutralizing antibodies for Guam4 group viruses 
in the cebus monkey are of low titer in comparison 
with mouse immune sera, which attain high 
titer and better specificity for types. 

Of 311 sentinel mouse groups exposed, 20, or 
6.4%, yielded Guamad group virus. Isolations 
were made between the 2nd and 10th days after 
exposure, with two-thirds of these occurring 
between the 5th and 9th days. In the infant 
mouse, signs of illness appear between the 2nd 
and 6th postinoculation days, depending on 
when the inoculum was harvested. If harvested 
on the 2nd day, the passage mice frequently 
show a prolonged pre-patent period, until the 
5th or 6th day; a late passage, however, may 
bring down mice in 2 days. Passage on the 3rd or 
4th day of incubation usually produces illness 
about the 3rd or 4th day. Both Guamd and 
Catti viruses are pathogenic i.c. and i.p. in infant 
mice and irregular in killing adults i.c. (Table 4). 
Death of the adults may follow several days of 
paralysis, or the animals may recover. The i.c. 
titer of the 50% mortality is about 10-** in 
4-day-old mice. 

Guamé virus. Guama virus is one of the four 
agents which have been isolated from all sources 
studied—man, wild animals, sentinel monkeys, 
sentinel mice, wild caught rodents and mos- 
quitoes (Table 6). The type strain is An 277, 
isolated in March, 1955, from a sentinel monkey 
in the Oriboca Forest. During the same month 
the virus was isolated three times from a second 
sentinel monkey over a period of 8 days. One 
mosquito isolation was obtained in April, 1959, 
from a pool of 97 Culex (Melanoconion) sp. 
caught as resting specimens with sentinel mice 
in the I.A.N. Forest. 

In man, the clinical manifestations of infection 
by Guamdé virus show considerable variation. 
This is illustrated by two cases in itinerant 
laborers who had been working in the Oriboca 
Forest for several months prior to illness. UR 
415, a 45-year-old man, was seen on the 3rd day 
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after onset with a temperature of 98.2°F, pulse 
78 and blood film negative for plasmodium. His 
white blood cell count was 4,050. He complained 
of headache and back, muscle and joint pain, 
which persisted for 4 days. He was unable to 
work but did not remain in his hammock during 
this time. The other patient, UR 377, was seen 
on the 2nd day of illness with a temperature of 
100.6°F, pulse 90, white blood count 6,950 and 
blood film negative for plasmodium. He was 
confined to his hammock for 6 days and experi- 
enced dizziness, photophobia and nausea, in 
addition to the symptoms manifested by UR 
415. Blood samples taken 6 and 8 weeks later 
from the two patients showed conversion of 
neutralizing antibodies to the isolated viruses. 

Cati virus. Catt virus has been obtained from 
man, sentinel monkeys and mice and wild 
animals, but not from mosquitoes. The type 
strain is H 151, isolated in February, 1955, from 
a 17-year-old woodcutter 10 days after he had 
commenced work in the Oriboca Forest. At the 
time of bleeding, the patient reported no symp- 
toms and showed a temperature of 100°F. He 
was one of a group of new arrivals at the forest 
who were bled for antibody survey, and studied 
for virus isolation if showing some elevation of 
temperature. After virus was demonstrated in 
his blood, he was sought out and questioned 
again. It was then learned that he had been 
confined to his hammock for 5 days with fever, 
headache, general body pains and weakness, but 
had recovered without seeking medication. 
Apparently viremia was present and virus had 
been isolated before symptoms developed in the 
patient. A convalescent serum obtained 23 days 
after onset showed a rise in neutralizing index to 
the virus. 

Catt virus has been isolated from three other 
human cases in the Oriboca Forest, as well as 
from sentinel monkeys in the Utinga Forest and 
from sentinel monkeys and mice in the I.A.N. 
Forest. 


5. Bunyamwera Group Viruses 


Thirteen isolations from mosquitoes in the 
Belém study area have been classified as members 
of the Bunyamwera group." Eleven of these 
belong in the Wyeomyia complex and one each 
has been shown to be identical with the viruses 
Cache Valley'® and Kairi,” also known only from 
mosquitoes. 

Cache Valley virus. Strain Ar 7272 was isolated 
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in June, 1957, from a mixed pool of 22 mos- 
quitoes collected in the Utinga Forest and 
Aedes scapularis (2), A. 
serratus (5), A. sexlineatus (2), Mansonia (1) and 
Psorophora ferox (12). This agent is pathogenic 
only for infant mice, killing with AST of 3 and 4 
days by i.c. and i.p. injection (Table 4). The 
titer of the 50% mortality is 10-7 and 10-** by 
i.c. and i.p. injection, respectively. 

Kairi virus. Strain Ar 8226 was isolated in 
November, 1957, from a pool of 62 Aedes scapu- 
laris mosquitoes collected on human bait in the 


identified as follows: 


1.A.N. Forest. Like Ar 7272, this virus is patho- 
genic only for infant mice, killing with AST 
of 2.5 and 3.8 days by i.c. and i.p. injection 
(Table 4). The titer of the 50% mortality is 
10-*6 10-*8 when titrated in 4-day-old 
mice by i.c. and i.p. injection. 


and 


Wyeomyia complex. In March and September, 
1955, four pools of sabethine mosquitoes (one 
of which included also specimens of Psorophora 
and Mansonia) yielded four viral agents that 
were shown in the New York laboratories to be 
distinct from other Belém isolates, to possess a 
common CF antigen, and to constitute two sero- 
logical types by neutralization test. Their com- 
mon CF antigen is indistinguishable from the 
CF antigen of Wyeomyia virus. 

Following i.c. and i.p. injection with either 
serological type, infant mice die with AST of 
5 days (Table 4). Adult mice succumb to i.c. 
injection, with AST of 6.5 days. The titer of the 
50% mortality is 10-®4 for infants and 10-5 for 
adults. 

During the following 3 years, six additional 
strains of virus belonging to the Wyeomyia com- 
plex were isolated from pools of sabethine mos- 
quitoes; two of these pools contained only Tricho- 
prosopon digitatum and two included this species. 
The llth strain was isolated in August, 1958, 
from a pool of Aedes mosquitoes identified as 
A. sezlineatus (68), A. septemstriatus (2) and 
A. serratus (2). 


6. California Complex Viruses 


The California complex” consists at present 
of three viruses shown to be related, though not 
identical, by both CF and neutralization tests. 
These are California encephalitis virus and A. 
trivittatus virus," isolated from mosquitoes in 
California and South Dakota, respectively, and 
Tr 9375 virus'® isolated from Aedes scapularis 


in Trinidad. While these agents were originally 


CAUSEY, CAUSEY, MAROJA AND MACEDO 


thought to be unrelated to previously described 
serological groups, recent studies suggest that 
they may have some immunological relationship 
to the Bunyamwera group.” The only member of 
the California complex so far found in the Belém 
study area is Tr 9375 virus. 

Tr 9375 virus. Two strains of this virus, Ar 
8033 and Ar 8301, were isolated from two pools 
of mosquitoes in October and December, 1957. 
One pool contained 69 Aedes scapularis; the 
other was a mixed pool consisting of 33 specimens 
as follows: Aedes fulvus (3), A. sezlineatus (2), 
Mansonia (3), Psorophora ferox (14) and Sabe- 
thini (11). In the New York laboratories these 
agents were shown to be identical with each other 
and to be related to but different from California 
virus and Trivittatus virus. In further studies 
they were found to be identical with Tr 9375 
virus. Infant mice succumb to both i.c. and i.p. 
injection, with AST between 3 and 4 days (Table 
4). Adult mice die following i.c. but not i.p. 
injection, with AST of about 5 days. The titer 
of the 50% mortality i.c. for both infants and 
adults is about 10-®5, 

Two other strains of this virus have been 
isolated from monkeys in the I.A.N. Forest, 
one from a sentinel cebus monkey in December, 
1958, the other from a young saimiri monkey in 
June, 1959. 


7. Ungrouped Virus 


Virus An 73 was isolated in January, 1955, 
in two successive samples from a sentinel cebus 
monkey in the Oriboca Forest. It has not been 
encountered again since that time, nor has any 
agent serologically related to it been discovered. 
The virus is pathogenic for infant mice, killing 
with AST of about 5 days following either i.c. 
or i.p. injection (Table 4). Adult mice succumb 
with AST of 7 or 8 days following i.c. injection. 
After extensive studies in the New York labora- 
tories, the virus is as yet considered unique. 
The name Tacaiuma is proposed for this agent. 


SUMMARY 


Arthropod-borne virus studies have been in 
progress for more than 4 years in a small region 
with tropical rain forest climate in the Belém 
area of the Amazon Valley. 

Here, 451 strains have been isolated from man 
(64), sentinel monkeys (221), sentinel mice (116), 
mosquitoes (33) and wild animals (17). 

These agents belong to six serological groups, 
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two of which are new and were first identified 
from the Belém area. Eighteen serological types 
have been isolated and studied. Nine of these 
are recognized viruses as follows: Eastern equine 
encephalomyelitis, Mayaro and Venezuelan 
equine encephalomyelitis in group A; Ilhéus and 
yellow fever in group B; Cache Valley, Kairi 
and Wyeomyia in the Bunyamwera group; and 
Tr 9375 in the California complex. Nine new 
agents were discovered: Bussuquara in group 
B; Apeu, Caraparu, Marituba, Murutucu and 
Oriboca in the new group C; Guamd and Catt 
in the new Guamd group; and one ungrouped 
agent, Tacaiuma (An 73). 
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GROUP C, A NEW SEROLOGICAL GROUP OF HITHERTO UNDESCRIBED 
ARTHROPOD-BORNE VIRUSES. IMMUNOLOGICAL STUDIES 


JORDI CASALS anp LORING WHITMAN 


The Rockefeller Foundation Virus Laboratories, New York, New York 


In 1954, the Servigo Especial de Satide Publica 
of Brazil and The Rockefeller Foundation 
established a virus field station in Belém, Brazil, 
under the direction of Dr. Ottis R. Causey, 
with the purpose of determining the prevalence 
of arthropod-borne (arbor) virus diseases in 
that area. Almost immediately, a large number 
of viruses were isolated from human beings, 
sentinel animals and mosquitoes, and were sent 
to The Rockefeller Foundation Virus Laborato- 
ries in New York for study and identification. 
While some of these were readily identified as 
isolations of previously known agents such as 
yellow fever and Venezuelan and Eastern equine 
encephalomyelitis, others appeared to be new 
and unrecorded. It soon developed that many 
of the new viruses fell into an immunological 
group having a detectable internal relationship 
but showing no immunological crossing with 
either group A or group B viruses or with other 
previously described but ungrouped viruses. 
This newly emerging group was designated 
group C, and preliminary results have already 
been reported.':* Causey et al. have described 
the isolation of these viruses as well as their 
behavior in man and experimental animals. 

Historically, our knowledge of this group grew 
by extension. Among the first viruses to be 
isolated in Belém were An 15 and An 17, which 
were found to be new agents and at best 
but slightly cross-reactive. Other viruses isolated 
shortly after were found to match either one or 
the other. Soon, however, strain An 848 was 
received, which was quite distinct from the 
above two. Still later, two more virus strains 
were uncovered, one close to An 15, the other 
close to An 848. These five virus types were 
given working names by Causey et al. as they 
were recognized: An 15 = Marituba, An 17 = 
Oriboca, An 848 = Apeu, An 974 = Murutucu 
and An 3994 = Caraparu. 

The present paper records the data upon 
which this classification was based. To facilitate 
the presentation of the material, it is felt that it 


will be easier to deal with these viruses by their 
names, with numbers used to indicate the 
particular isolate, instead of by the customary 
method of establishing the relationship of the 
different numbered viruses and proposing names 
at the end of the paper. 


MATERIALS AND METHODS 


Viruses and strains. Although over 70 strains 
of virus belonging to this group were available, 
the following viruses and their strains have been 
the object of special attention during the course 
of the present study: Marituba, An 15 and H 
176; Oriboca, An 17; Apeu, An 848 and An 748; 
Murutucu, An 974 and An 879; and Caraparu, 
An 3994 and H 5546. Additional strains which 
have not been as thoroughly investigated will 
be referred to only in connection with specific 
problems. The above viruses were studied at a 


low mouse passage level, usually between the 
third and eighth. 

The viruses have been maintained by intra- 
cerebral inoculation of infected newborn mouse 


tissue into newborn mice. With occasional 
exceptions, these agents characteristically pro- 
duce a rapidly developing viremia, virus titers 
reaching or exceeding 10~* within 48 hours of 
inoculation with a corresponding concentration 
of virus in the liver. Brain tissue, on the other 
hand, usually has a lower titer, in general be- 
tween 10-* and 10-7. The viruses have been 
preserved in the form of brain tissue suspensions 
or, preferably, as blood serum in CO--ice cabinets. 

Immune sera. Immune sera against these 
viruses have been prepared in adult mice and 
guinea pigs. Frequently, a single inoculation with 
active, fully virulent virus was sufficient to pro- 
duce potent sera. Mice were inoculated intra- 
peritoneally, guinea pigs intracerebrally. How- 
ever, many of the strains of virus were highly 
pathogenic for adult mice on peripheral inocula- 
tion, and in such cases it was necessary to 
initiate immunization with one or two doses of 
formalin-inactivated virus virus 


before active 
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was finally injected. It is noteworthy that, in 
most instances, sera prepared with a single 
injection of active virus into either mice or 
guinea pigs had titers by complement-fixation 
or hemagglutination-inhibition as high as those 
obtained from sera of mice inoculated first with 
inactivated virus and then with virulent material. 

Hemagglutination (HA) and hemagglutination- 
inhibition (HI) tests. The methods for preparing 
antigens and performing these tests have been 
previously described.‘ As brain infective titers 
were low, it is not surprising that satisfactory 
hemagglutinating antigens could not be made 
from these organs by any of the available methods. 
Because of the high virus content in the blood, 
however, antigens capable of agglutinating 
1-day-old chick or, more recently, goose erythro- 
cytes were readily derived from infected newborn 
mouse serum treated with acetone and ether. 
Most strains yielded antigens without difficulty, 
although the titers were not high, usually be- 
tween 1:80 and 1:640. From some strains, such 
as Apeu, An 748 and An 848, which gave lower 
average titers of circulating virus, workable 
antigens were obtained less frequently and with 
lower titers, 1:20 to 1:80. The pH range of 
activity of all the antigens was between pH 5.7 


and 6.4, with a tendency for them to peak at 6.0 
to 6.2. Within this range, the titer of a given 
antigen was fairly uniform except at the ex- 


tremes. The conditions selected for HI tests 
were pH 6.0 to 6.2, with incubation at room 
temperature after the addition of the erythro- 
cyte suspension. While it has been possible to 
prepare antigens from infected liver tissues by 
the sucrose-acetone method, early tests suggested 
that these were not as satisfactory in HI tests as 
serum antigens and consequently no careful 
study has been made with them. 

Neutralization (NT) tests. In some of the tests, 
brain suspensions were used as source of virus. 
However, as these appeared less stable during 
storage and during the conduct of the tests, serum 
virus preparations were explored. These proved to 
be more uniform and to retain titer for long periods. 
Owing to the susceptibility of adult mice to most 
of these viruses, adequate volumes of high titer 
serum virus were readily obtainable from them. For 
Apeu, however, it was necessary to use 10-day-old 
mice to get adequate volume and titer. The tests 
were carried out by the constant serum-virus 
dilution technique; mixtures were incubated for 
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1 hour at 37°C prior to inoculation into newborn 
mice. 

Complement-fixation (CF) tests. Antigens were 
prepared from all the strains listed under Viruses 
by extracting liver tissue from infected suckling 
mice with acetone and ether. When applied to 
brain tissue, this method either failed to yield 
antigens or gave antigens with low titers. How- 
ever, as will be discussed later, selected virus 
strains were found which yielded satisfactory 
brain antigens by the sucrose-acetone method. 
CF tests were carried out with overnight incuba- 
tion of the first phase at 4°C. 


EXPERIMENTAL RESULTS 


In order to establish the existence of a new 
antigenic group of arbor viruses, it must be 
shown that several different, distinct viruses are 
antigenically related among themselves but are 
not related to other, already characterized groups. 
In this study of group C agents, these criteria 
have been fulfilled mainly through the applica- 
tion of the HI test, with confirmation by NT test. 
The CF test, although it added a great deal of 
evidence to bring out the group relationship, 
proved unsatisfactory as a means of specific 
identification. 

HI tests. As indicated in the introduction, the 
first two viruses, An 15 (Marituba) and An 17 
(Oriboca), produced serum hemagglutinins that 
were strongly inhibited by their homologous 
sera but only weakly so by the heterologous sera. 
The next distinct virus to be received was An 
848 (Apeu). 

It soon became apparent, however, that many 
strains were being isolated which, although 
similar to these prototype viruses, gave evidence 
of possible differences. To determine whether 
such strains were identical with the prototypes 
or showed sufficient differences to justify the 
conclusion that they were separable, a series of 
cross HI tests were made between nine selected 
isolates which seemed to represent the total 
spectrum of antigens and their respective sera. 

In essence, this study consisted in testing 
immune sera for each strain against each of the 
antigens. When the results of the tests were 
assembled by pairs of antigens, it was seen that 
they represented three different situations: (a) 
identity of results with both antigens, leading to 
the conclusion that the two isolates were strains 
of one virus; (b) marked differences between the 
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TABLE 1 


Hemagglutination-inhibition tests, 
Marituba virus 


Antigen 


Specimen 


nang An 15 


Virus and strain H 176 


5120* 
640 

5120 

5120 


5120 

640 
5120 
5120 


Marituba An 15 


5120 
5120 
5120 


2560 
5120 
5120 
5120 


An 17 80 80 


Oriboca 


0 


An 748 


An 848 


Murutucu An 974 320 
1280 


Caraparu§ An 3994 40 40 

* In Tables 1 to 6 the figures under ‘‘antigen’’ 
represent the reciprocal of the serum titer tested 
against 4 units of antigen. 


two sets of results, indicating that the two viruses 
were easily distinguishable; and (c) minor but 
consistent and reproducible differences between 
the two sets of results, with the conclusion that 
the two isolates represented different although 
closely related viruses. Examples of these three 
situations are given in Tables 1 to 5. 

Table 1 shows the results of tests with antigens 
from strains An 15 and H 176. It can be seen that 
four different immune sera against strain An 15 
gave the same titer when tested with either An 
15 or H 176 antigen. Similarly, four different 
samples of H 176 immune sera reacted to the 
same titer with the two antigens. In addition, 
a variety of immune sera against other group C 
strains which were shown during the present 
study to be separable from An 15 and H 176 
gave equivalent results with the two antigens, 


TABLE 2 
Hemagglutination-inhibition tests, 
Murutucu virus 





Antigen 





Virus and strain An 974 An 879 








Murutucu An 974 2560 
2560 | 
2560 | 2560 


1280 


2560 


An 879 1280 1280 





Marituba An15 160 
640 
160 


An 5591 1 


An 17 1 0 | 0 


An 3994 0 0 
H 5546 160 160 


Oriboca 





Caraparu 


with rare exceptions. Since any one serum, 
whether homologous or heterologous, reacted to 
exactly the same titer with antigens An 15 and 
H 176, it was concluded that these two strains 
were identical, i.e., two isolates of Marituba 
virus. 

A similar situation developed when strains An 
974 and An 879 were compared. Table 2 gives 
the results of tests with both antigens and sera 
immune to either one or the other strain or to 
other group C strains. Asinthe preceding example, 
the nearly complete identity of titers shown by a 
given serum against both antigens led to the 
conclusion that the two strains were different 
isolates of the same virus, in this case, Murutucu. 

It will have been noted in Table 1 that Muru- 
tucu serum reacted more strongly with Marituba 
antigen than did the other sera, Oriboca, Apeu 
and Caraparu. In Table 2, again there is con- 
siderable crossing Murutucu and 
Marituba, but not between Murutucu and Ori- 
boca or Caraparu. Further HI tests with Mari- 
tuba (An 15 or H 176) and Murutucu (An 974) 
confirmed the close relationship between these 
strains but also indicated minor but consistent 
differences. As shown in Table 3, although 


between 
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TABLE 3 
Hemagglutination-inhibition tests, 
Marituba and Murutucu viruses 


TABLE 4 


Hemagglutination-inhibition tests, 
Apeu and Caraparu viruses 





Serum Antigen 





Murutucu 
(An 974) 


Specimen | Marituba 


Virus and strain oo. (An 15) 


Serum Antigen 





| Specimen} Apeu | Caraparu 


Virus and strain no. | (An 848) | (An 3994) 





An 15 640 
or 640 
H 176 é 5120 
5120 

2560 

2560 

10240 

5120 

2560 

2560 

2560 


Marituba 





An 974 320 
: 1280 

640 
640 
1280 
640 
320 
640 
320 
80 
320 





Murutucu 


Marituba immune serum is more effective against 
Marituba antigen than against Murutucu anti- 
gen and vice versa, there is, nevertheless, a strong 
heterologous inhibition. This heterologous titer 
is frequently one-half or one-fourth the homolo- 
gous titer, or in an increasing 2-fold dilution 
series, a difference of only one or two dilutions. 
In 26 determinations, of which only 11 are shown 
in the table, with 15 different samples of Marituba 
immune sera, the greatest difference observed 
was that of a serum that had a titer of 1:5,120 
against Marituba and of 1:320 against Murutucu, 
or a difference Similarly, 
Murutucu immune sera had homologous titers 
only 2- or 4-fold greater than their cross-reacting 
titers, and occasionally reacted to the same titer 
with both antigens. Because of this strong cross- 
ing, the decision as to whether Marituba and 
Murutucu could be considered as distinct en- 
tities was not easy on the basis of HI tests alone. 
However, as will be seen, NT results support the 
HA evidence that they are measurably distinct. 


of four dilutions. 


| 
| 


An 848 | 160 | 40 


Apeu 


5120 | 320 
1280 | 320 
640 | 160 
2560 | 320 





An 3994 | $20 
320 


Caraparu 1280 


1280 
320 





TABLE 5 


Hemagglutination-inhibition tests, 
Marituba and Oriboca viruses 





| 
Serum | Antigen 





Specimen | Marituba | Oriboca 
| D |} (An 


Virus and strain 0. (An 15) (An 17) 





Marituba An 15 


40 
40 





Oriboca An 17 2560 
1280 
1280 
2560 
2560 
1280 





Another set of pronounced cross-reactions is 
shown in Table 4 between Apeu (An 848) and 
Caraparu (An 3994). In these tests, the heterolo- 
gous titer was lower than the homologous one, 
although close. On the basis of these results, 
borne out by NT, the two strains can therefore 
be considered as separate viruses. 

In marked contrast with the preceding results 
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were those obtained when immune sera against 
Marituba (An 15 and H 176) and Oriboca (An 
17) were tested against antigens derived from 
their respective viruses. In Table 5, it can be 
seen that the degree of overlap between the two 
systems is of a low order. Sera having homologous 
titers of 1:640 or lower gave no cross-reactions, 
and while more potent sera showed cross- 
reactions, the heterologous titers were ordinarily 
but 444th or 14 agth of the homologous titers. 
In this case, there was no difficulty in concluding 
that Marituba and Oriboca represented distinct 
viruses distantly related. 

Recapitulation and conclusions from the study 
of group C viruses by HI. Table 6 gives the 
combined results of the HI tests; the serum 
titers are geometric mean values, based for each 
combination of serum and antigen on from 4 to 26 
serum titrations. The different samples of im- 
mune sera employed in these tests number, for 
Marituba, 17; Murutucu, 6; Apeu, 4; Caraparu, 
6; and Oriboca, 6. From an inspection of Table 
6, it is evident that Marituba and Murutucu 
viruses, on the one hand, and Apeu and Caraparu 
viruses, on the other, are closely allied. These 
two subgroups, however, are easily separable 
from one another and from Oriboca virus. 

NT tests. The NT test was applied to the study 
of these viruses with a two-fold purpose: first 
to ascertain whether the low grade overlaps 
detected by HI among Marituba (An 15), 
Oriboca (An 17) and Apeu (An 848) were indeed 
indications of group relationship; secondly, to 
determine whether the over-all relationships 
shown by HI techniques among the several 
strains could be verified by other techniques. To 
accomplish the first, cross NT tests using infected 
mouse brain virus and the intraperitoneal route 
of inoculation were set up in which sera from An 
15, An 17 and An 848 were tested against the 
three respective viruses. The same serum speci- 
men was used against each virus. The results, 
shown in Table 7, clearly demonstrated the 
existence of a strong serological relationship 
among these viruses despite the fact that by 
HI (Table 6) they were at best cross-reactive at 
low level. 

Because of the strong group crossing exhibited 
in the intraperitoneal test, further studies on the 
group were done using the intracerebral route. 
Furthermore, infected mouse serum was used as 
a test virus instead of infected mouse brain. 
These test viruses were not only of higher titer, 
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TABLE 6 
Summary of hemagglutination-inhibition 





Antigen 





Muru- 


| Cara- 
tucu Apeu | 


paru 
Marituba.. .. 620 | 100 160 
Murutucu xe | 1280 | 60 80 
Apeu 5 70 150 
Caraparu. . 7 | 7 | 320 | 2230 
Oriboca... 5 10 20 25 











TABLE 7 
Neutralization tests with mouse hyperimmune 
sera by the intraperitoneal route, 
log neutralization indices 





Serum Virus 





Virus and strain Marituba| Oriboca 





| >4.6 


Marituba 


Apeu 
Oriboca 


An 15.... =n a 
An 848... 9 
An 17 | ; 33 | >3.8| > 





but were apparently more easily neutralized, 
yielding higher specific serum titers. Because of 
the HI results, our interest was mainly in deter- 
mining the relationship between Marituba and 
Murutucu and between Apeu and Caraparu. The 
sera were from immune mice, and the same serum 
sample was used against all the viruses, except 
occasionally when inadequate volume made it 
necessary to use a second specimen. Under such 
circumstances, it was determined that the second 
specimen was comparable to the first in homolo- 
gous antibody content. Sera were stored at —20°C 
and were not inactivated. 

Table 8 gives the results of a series of cross NT 
tests comparing seven viruses and their appro- 
priate antisera. In addition to the strains pre- 
viously mentioned, Marituba strain An 4834 
and Murutucu strain An 4970 were included. As 
can be seen, each virus or pair of viruses is best 
neutralized by its own serum or sera. There are 
apparent overlaps, however, which correspond to 
previously demonstrated relationships. Thus, 
Marituba sera show considerable capacity to 
neutralize Murutucu virus, and Caraparu sera, 
particularly An 3994, neutralize Apeu virus to 
an equivalent degree. It is of interest that the 
converse, namely, the neutralization of Marituba 
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TABLE 8 


Neutralization tests with mouse hyperimmune sera by the intracerebral 
route, log neutralizing indices 





Virus 





Marituba 


Caraparu 





Virus and strain 





| An 3994 H 5546 





An 15 
An 4834 


Marituba 





8 
8 


2 2. 
2. 2. 


3 
3 





An 879 
An 4970 


Murutucu 





An 3994 
H 5546 


Caraparu 














Apeu An 848 








virus by Murutucu serum and of Caraparu virus 
by Apeu serum, is much less marked. In general, 
the results of these tests confirm the relationship 
among the several viruses which was first 
established by means of the HI tests. 

CF tests. As stated under Methods, CF anti- 
gens made from infected suckling mouse brains 
were either not antigenic or only weakly so. It 
was found, however, that liver tissue from in- 
fected newborn mice, when treated in the same 
manner as brain tissue, yielded high titer, com- 
plement-fixing antigens for all viruses of the 
group investigated in the present study. Sub- 
sequently, exceptional strains have been found 
in which brain and liver have produced antigens 
of equal potency and one strain in particular 
where the brain yielded a high titer antigen while 
the liver was inactive. These will be discussed 
later in this section. Incidentally, when satis- 
factory brain antigens have been prepared and 
compared with antigens derived from liver, no 
qualitative or quantitative differences have been 
observed. 

With antigens from either brain or liver tissue, 
a series of cross CF tests were made in which 
dilutions of antigens were mixed with dilutions 
of sera, the so-called grid method. These tests 
are summarized in Table 9. In this table and in 
Table 10, the figures given represent the maximal 
dilution of serum fixing complement with any 
dilution of antigen over the highest dilution of 
antigen reacting with any dilution of serum. 

The results in Table 9 show that the CF rela- 


tionship among the viruses in this group is quite 
different from that demonstrated by HI and 
NT tests. Except for Caraparu, strain An 3994, 
all the viruses listed in Table 9, as well as many 
other strains not appearing in the table, cross- 
reacted to such a degree that in most tests it was 
nearly impossible to differentiate between 
homologous and heterologous reactions. As the 
table shows, the titer of each antigen was prac- 
tically the same regardless of the serum with 
which it was combined. It is to be noted, however, 
that the serum titers vary somewhat depending 
on the antigen. Surprisingly, such differences 
tend to bring together viruses which by both HI 
and NT tests were either very distantly related 
or easily separable. Thus, Marituba immune 
serum, with a homologous titer 1:64, gave a 
similar titer with Apeu antigen, while with 
either Murutucu or Oriboca antigen the titer 
was only 1:16. Similarly, the titer of Apeu 
immune serum was also 1:64 with both Apeu and 
Marituba antigens, but was only 1:32 with 
either Murutucu or Oriboca antigen. Conversely, 
a Murutucu immune serum had a titer 1:32 with 
both Murutucu and Oriboca antigens, but only 
1:16 with Marituba and Apeu antigens; and 
Oriboca immune serum had titers 1:64 and 1:32, 
respectively, with Oriboca and Murutucu anti- 
gens, while the titers were somewhat lower with 
Marituba antigen, 1:16, and Apeu antigen, 1:8. 
Caraparu virus, as represented by strain An 
3994, failed to cross-react with any of the other 
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TABLE 9 


Summary of complement-fization tests 





An 17 


Oriboca 





Antigen 
Marituba 
An 15 


Murutucu 


Caraparu 
An 974 An 3994 





Oriboca 
Marituba 
Murutucu 
Apeu 
Caraparu 


64/128* 
16/128 
32/128 
32/128 
0/0 


* 64/128 = titer of serum, 1:64; titer of antigen, 1:128. 


32/128 
16/128 
32/128 
32/128 
0/0 


16/256 
64/256 
16/128 
64/128 
0/0 


0/0 
0/0 
0/0 
0/0 
32/64 


64/256 

16/128 

64/256 
4/2 





TABLE 10 


Complement-fization test to show graded relationships between strains of Caraparu virus 


and the rest of the group 





Antigen 





Oriboca 


Virus and strain ae 


Oriboca An 17 48/128 


Murutucu An 974 
Apeu H 9034 


Caraparu. An 7981 
An 3994 


viruses, with the possible exception of a trace 
reaction with Apeu. 

The unique behavior in the CF test of strain 
An 3994 prompted additional studies with other 
strains of Caraparu, H 5546 and An 7981, as well 
as with a strain of Apeu virus, H 9034. Although 
H 5546 had been found to be a strain of Caraparu 
in both HI and NT studies, H 5546 antigen and 
its serum crossed strongly with the Oriboca (An 
17) and Apeu (An 848) CF systems, but not with 
An 3994. These results suggested that An 3994 
was unique, perhaps deficient in group antigens 
normally found in all other group C viruses. At 
this time, a virus, An 7981, was isolated by 
Causey which he noted was biologically unlike 
the previously studied group C strains in that 
there was little evidence of its multiplication in 
the liver, but which multiplied in the brains of 
infant mice to the extent that a satisfactory CF 
brain antigen could be prepared. In our studies, 
this antigen behaved in a manner comparable to 


Murutucu 


Apeu 
An 974 


H 9034 





16/64 
64/128 64/64 
64/256 64/128 


128/256 


8/128 
8/128 


antigen prepared from liver tissue of mice in- 
fected with An 3994, being at best but slightly 
reactive with sera from mice immunized against 
Marituba, Oriboca or Murutucu virus but 
strongly cross-reactive with An 3994 serum. 
Because An 7981 strain failed to produce cir- 
culating virus or sufficient virus in the liver to 
permit antigen manufacture, we made a special 
study of Apeu strain H 9034, which was bio- 
logically intermediate between An 7981 and the 
rest of the group. This strain (H 9034) produced 
circulating virus in suckling mice but with 
maximal titers of only 10~°-5, insufficient to 
produce an hemagglutinin; yet equally satis- 
factory CF antigens could be made from both 
liver and brain by the sucrose-acetone method. 
H 9034 brain antigen reacted with sera from all 
of the five named viruses, although less well 
with An 3994 and An 7981 sera than with the 
others. Serum H 9034, however, failed to react 
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with An 3994 antigen. Table 10 summarizes 
these findings. 

In summary, it would appear that, by CF, 
there is considerable cross-reaction between all 
members of this group of viruses, including the 
H_ 5546 strain of Caraparu. In contrast, the An 
3994 and An 7981 strains of Caraparu seem to be 
deficient in this common antigen and are thus 
specifically set apart. Whether further study of 
individual virus strains will uncover others 
with the same apparent specificity remains to be 
seen. 

Absence of cross-reactions between group C viruses 
and other arbor viruses. The observations described 
in the preceding sections made it abundantly 
clear that serological overlaps existed among the 
several distinct viruses under study. In order to 
give them group status, it was necessary to collect 
evidence showing that the related viruses failed, 
repeatedly, to cross-react with agents belonging 
in other antigenic groups. Such evidence is 
summarized in this section. 

Known experimental immune sera against 7 
different group A viruses were tested by HI 
against group C antigens on at least 40 occasions; 
immune sera against 12 different group B viruses 
were tested on at least 65 occasions; and immune 
sera to a variety of viruses not of groups A and 
B were tested on at least 55 occasions. The group 
C antigens used were, for the most part, Marituba 
and Oriboca, to a lesser extent, Apeu and Cara- 
paru. No inhibition of hemagglutination was 
ever detected. In addition, immune sera for each 
of seven different isolates of group C representing 
the five distinct viruses described were tested by 
HI against group A antigens at least 50 times, 
against group B antigens at least 30 times, and 
against antigens from other viruses, including 
Bunyamwera, at least 15 times. No positive 
reaction was seen. In summary, in over 250 cross 
HI tests, no overlap was seen between group C 
viruses and representative members of groups 
A, B and Bunyamwera. 

Additional, although limited, evidence of lack 
of cross-reaction between group C viruses and 
others of groups A and B has been obtained by 
NT test. For example, immune sera against 
Eastern equine encephalitis, Chikungunya, 
Sindbis, [[héus and Japanese encephalitis viruses 
failed to protect mice against Oriboca and Apeu 
viruses in intraperitoneal NT tests. Finally, the 
CF test, although not systematically used, has 
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failed to show cross-reactions between viruses of 
group C and those of other established groups. 


DISCUSSION 


The close similarity in HI tests between 
Marituba and Murutucu and between Apeu 
and Caraparu raises the question as to whether 
it is practical, or even necessary, to attempt to 
differentiate these agents as far as diagnosis of 
human disease is concerned. In this laboratory, 
limited serological surveys with sera from normal 
human residents of Belém, as well as attempts to 
diagnose by HI the specific group C agent re- 
sponsible for human infections or infections of 
sentinel animals by the development of serum 
antibodies, indicate that, with a few exceptions, 
the group C nature of an infection with one of 
the five viruses described above can be deter- 
mined by the use of only three antigens, Marituba 
(or Murutucu), Apeu (or Caraparu), and Oriboca. 
A more refined diagnosis, for example, which of 
the two viruses Apeu or Caraparu is the cause 
of a given antibody response, may be impossible 
unless a virus has been isolated for comparative 
study. The reason for this may be the inherent 
close antigenic composition of the two viruses or 
other factors, such as time elapsed from infection 
to bleeding or previous exposure to other group 
C viruses, all of which are known to affect the 
specificity of the immune response in groups A 
and B.! 

The CF response, as observed with experi- 
mental sera, would certainly incline one to expect 
less specificity with natural infections; on the 
other hand, advantage can be taken of this wide 
cross-reaction in the laboratory to place isolates 
in group C with only two or three different 
hyperimmune sera. 

Group C viruses have so far been isolated only 
in Brazil. Limited serological surveys have been 
done in this laboratory with sera from different 
parts of the world by HI test, using two antigens, 
Marituba and Oriboca. No antibodies have been 
found in 60 sera from Jamaica, 25 from Puerto 
Rico, 22 from Trinidad and 40 from Hong Kong. 
Of 316 from the Union of South Africa, West 
Africa and East Africa tested with Oriboca anti- 
gen, 38 reacted in low titers, usually between 1:10 
and 1:40. In the few instances in which these 
reacting sera were tested by NT test, they failed 
to protect mice against Oriboca virus, a result 
suggesting that a group C virus other than 
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Oriboca may have been active in those re- 
gions. By contrast, residents of Belém and 
environs showed a higher proportion of positive 
reactions; thus, in a group of 77 sera, 52 were posi- 
tive against one or more of five antigens against 
which they were tested. 


SUMMARY 


Five distinct, hitherto undescribed arthropod- 
borne viruses have been characterized from 
among more than 70 strains isolated from man, 
sentinel animals and mosquitoes in the forested 
area around Belém, Pard, Brazil. These viruses 
have been designated by Causey et al. Marituba, 
Murutucu, Apeu, Caraparu and Oriboca. The 
viruses are immunologically related among them- 
selves and have failed to show any antigenic over- 
lap with other groups of arbor viruses; they there- 
fore constitute a new antigenic group to which the 
name, group C, has been given. Within this 
group, by HI and NT tests, Marituba and 
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Murutucu viruses were found to be closely allied, 
as were Apeu and Caraparu. Each pair, however, 
was easily separable from the other and from 
Oriboca virus. By CF test, all viruses showed pro- 
nounced overlap, with the exception of two 
strains of Caraparu virus which were sharply 
separable from the other viruses. 
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THE GUAMA GROUP: A NEW SEROLOGICAL GROUP OF HITHERTO 
UNDESCRIBED VIRUSES. IMMUNOLOGICAL STUDIES 


LORING WHITMAN anp JORDI CASALS 


The Rockefeller Foundation Virus Laboratories, New York, New York 


In an accompanying paper, Casals and 
Whitman! have presented the results of im- 
munological studies on group C viruses, a new 
group of arthropod-borne (arbor) viruses isolated 
and described by Causey et al.? at the Rockefeller 
Foundation field laboratory in Belém, Brazil. 
Coincidental with the isolation of the group C 
viruses, a second type of viral agent was 
commonly isolated in Belém from the blood 
stream of sentinel monkeys and, on occasion, 
from man. These viruses, which have been shown 
to be readily maintained in mosquitoes by in- 
oculation methods (Whitman), appeared to be 
unrelated serologically either to the group C 
viruses or to other previously described agents. 
They were sent to The Rockefeller Foundation 
Virus Laboratories in New York for further 
study where they were found to comprise two 
immunologically related types. More recently, a 


third member of the group has been recognized 
in an agent isolated from mosquitoes in Trinidad.* 
The immunological studies establishing this as 
a new group of viruses are recorded in this paper. 


MATERIALS AND METHODS 


Viruses and strains. In the first shipment of 
viruses received from Belém were several isolates 
which in neutralization tests fell into two groups. 
The prototypes for these groups were Be An 277, 
isolated from the blood stream of a sentinel 
monkey, and Be H 151, isolated from the blood 
of a patient. These have been named by Causey 
et al.2 Guamé and Catt, respectively. Subse- 
quently, a total of about 20 isolates was sent 
to New York, which on study were apparently 
identical with one or the other prototype. Of 
these, Be An 3926 and Be H 5056 of the Be An 
277 type were extensively used in either neutrali- 
zation or complement-fixation tests. The Trinidad 
virus, Tr 8362, was isolated from mosquitoes in 
Trinidad and was considered by the Trinidad 
Regional Virus Laboratory to be a new agent. 
It was studied there in complement-fixation 
tests run with immune sera to 43 virus agents 
and was found to react with immune sera pre- 


pared against one of the Belém agents (Be H 151). 
This information was communicated to the 
New York laboratories. The agent was sent to 
New York for further study and has been found 
to be related to the two Belém virus strains but 
not identical with either. This virus has been 
named Bimiti by Spence et al. 

These viruses have been maintained in new- 
born mice by intracerebral passage of brain 
material. They are, in general, of limited patho- 
genicity for adult mice even on intracerebral 
inoculation, either failing to kill or, at most, 
killing less than half of the mice inoculated. 
One strain, Be H 5056, was eventually modified 
by serial passage in adult mouse brain to a 
point where it killed adult mice uniformly in 
moderately high titers, but an equivalent attempt 
to increase the pathogenicity of Be H 151 for 
adult mice failed. Most of the studies to be re- 
ported were with low mouse passage material, 
between the 3rd and 10th passages. Tr 8362 was 
in the 12th passage when received in New York. 
Parenthetically, when a 19th passage, Be H 
5056 virus was studied, there was no evidence 
of immunological change associated with it. 

Brain preparations have usually been stored 
in sealed glass ampules in CO--ice cabinets in the 
form of a 20% suspension of infected newborn 
mouse brain in 0.75% bovine plasma albumin, 
pH 7.2. 

Immune sera. As has been stated, few adult 
mice die following the intracerebral inoculation 
of these viruses despite evidence of virus multipli- 
cation. The sera of the survivors contain quite 
satisfactory antibody titers and most of the 
sera used in these tests were obtained by this 
procedure. On occasion, however, mice have been 
given two or more booster inoculations of virus 
to produce “hyper’’-immune serum. When such 
hyperimmune sera have been used, it will be 
noted in the text. 

Hemagglutination (HA) and hemagglutination- 
inhibition (HI) tests. Repeated attempts have 
been made to prepare hemagglutinating antigens 
from infected brain and other tissues by the 
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methods of Clarke and Casals,‘ including acetone 
precipitation from brain suspended in sucrose, 
but without success. On the occasions that 
immune sera from this group of viruses have 
been tested for their capacity to inhibit other 
group hemagglutinins, the techniques described 
by Clarke and Casals have been followed. 

Neutralization (NT) tests. Infected newborn 
mouse brain suspensions have been used through- 
out as test viruses. The tests were carried out 
by the constant serum-virus dilution technique. 
Serum-virus mixtures were incubated for 1 hour 
at 37°C prior to intracerebral inoculation of 
newborn mice, usually 3 to 4 days of age. 

Complement-fization (CF) tests. Antigens were 
prepared from infected newborn mouse brains 
at first by the acetone-ether method, later by 
the sucrose-acetone method according to the 
techniques described by Clarke and Casals for 
preparing hemagglutinins. Most tests were of 
the grid type, dilutions of antigen being mixed 
with dilutions of antisera. Antigen antibody 
mixtures plus complement incubated 
overnight at 4°C. 


were 


EXPERIMENTAL RESULTS 


The justification for the consideration of these 
viruses as forming a new group is based almost 
entirely on the results of NT and CF tests. As 
has been indicated, we have been unable to 
prepare a hemagglutinin from any source and 
what HI studies have been made were to deter- 
mine whether Guama group sera could react with 
previously described viruses. No evidence of 
inhibition was obtained. 

NT tests. Despite the similarity of behavior 
of the many isolates in both adult and baby 
mice, it was found that the Brazilian viruses 
fell into two readily separable groups. Table 1 
gives a summary of cross NT tests performed on 
15 of these agents. Most of the tests were done 
with two virus preparations, Be An 3926 and 
Be H 151. A few supportive tests using Be H 
5056 and Be An 6414 are included. Be An 3926 
was selected as the test virus in place of Be An 
277 because it yielded slightly better virus 
preparations. 

Obviously, there is a sharp differentiation 
between the two groups; homologous neutralizing 
indices of 3 or more logs of virus are contrasted 
with heterologous indices in most instances of 
less than 1 log. It is of interest that the over-all 
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TABLE 1 


Cross-neutralization tests, neutralizing indices 





Viruses 





Guam4 Cata 





Be An| Be H | BeH | Be An 


Virus and strain 3926 | 5056 | 151 6414 








Guamé Be An 277....| 3 
Be An 865. ...| 4 

Be An 3686. ..| 2 

Be An 3926. ..| 4 

9) 


~ 
i) 


+| 


“I G2 & O 


Be An 4505. ..| 3 
Be An 4743...) 2 
Be H 5056. ...| 
Be An 5232. ..| 3.0+| 
Be An 5312...) 3.0+ 
Be An 6764. 

Cata Be H 151 
Be An 858 
Be An 912 
Be An 6414 
Be An 7573 


5 
0 
8 
0 
.0 
oa 


ooresscs 
~I 0 = 0 


oo 
wo 





TABLE 2 


Cross-neutralization tests, neutralizing indices 





Viruses 





Guamaé Catié Bimiti 

Be H 5056| Be H 151 | Tr 8362 
Be H 5056.. kis ata 3.§ .€ 3.% 
Be H 151..... : 
Tr 8362 








spread of heterologous indices is from 0.3 
logs to 1.8 with a mean of about 0.8 logs, an 
observation suggesting a slight antigenic overlap 
between the two types. 

With the receipt of Tr 8362, it was found that 
neither standard Be H 151 nor Be H 5056 
antisera significantly neutralized the virus. To 
get further information, a three-way cross NT 
test was made. For this, hyperimmune Be H 151 
and hyperimmune Be H 5056 sera were selected 
as they had recently been prepared and were 
known to be strongly reactive in CF tests. Table 
2 gives the results of this test. 

Obviously, the three agents are distinct. Each 
virus is more effectively neutralized by its own 
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TABLE 3 
Cross-neutralization tests vs. cross complement- 
fixation tests 


NT neutralizing | CF serum titers 


indices 
Virus Antigens 


Caté | Guam4 


Be An 
Be H 277 | 
(16U) | 


151 
Be 
Be J 
Be éf 





Be 
Be An 858.. 
Be An 912 a 7 32 32 


serum, and the sera are more active against their 
own viruses. However, there is greater crossing 
in this test than previously observed, partic- 
ularly in the capacity of Be H 151 and Be H 
5056 sera to neutralize Tr 8362 virus. This may 
be in part attributable to the additional immuni- 
zation and resultant broadening of the antibody 
coverage. 

CF tests. Despite the ready separation of the 
Brazilian viruses into two groups by NT tests, 
it soon became apparent that they were in- 
separable in CF tests. Be An 277 serum fixed 
complement in the same dilution when combined 
either with its own antigen or with Be H 151 
antigen. Serum Be H 151 was equally cross- 
reactive. This complete crossing applied to other 
sera from the two groups. 

For example, six individual sera were selected 
for test, three belonging to one group, three to 
the other. These particular sera had been tested 
in NT tests and were known to give high specific 
neutralizing indices. These six sera were tested in 
dilutions against a single dilution of Be An 277 
antigen containing 16 units of antigen and a 
single dilution of Be H 151 antigen containing 8 
units of antigen. Table 3 gives the results of this 
test. The crossing observed between Be An 277 
and Be H 151 is obviously shared by the other 
isolates tested. 

Since the receipt of Tr 8362, we have been 
able to extend our knowledge of the cross-relation- 
ship between these agents. Figure 1 gives the 
results of a cross CF test between Be H 5056, 
Be H 151 and Tr 8362 in which dilutions of 
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each serum are mixed with dilutions of all three 
antigens. 

From Figure 1, it is evident that each serum 
reacts equally well with each antigen, with the 
possible exception that serum Tr 8362 is slightly 
more reactive with its own antigen than with 
the other two. Sera Be H 5056 and Be H 151 
show no equivalent specificity nor do the three 
antigens. By the CF techniques used, one must 
consider these agents to be so closely related as 
to be inseparable. 

Absence of cross-reactions with other groups of 
viruses or with individual ungrouped viruses 
previously described. The above evidence is 
sufficient to establish the fact that the three 
virus types Be An 277, Be H 151 and Tr 8362 are 
immunologically related yet sufficiently dis- 
tinguishable from one another to be accepted as 
separate viruses. Before giving them new group 
status, however, it is necessary to show that 
they share no immunological overlap with any 
other known group of arthropod-borne viruses. 
This evidence of “non-relatedness’” to other 
viruses or virus groups has been largely obtained 
in CF studies, supported to a lesser degree by HI 
studies. 

Cross CF tests were made in two ways. In 
the first, antigens prepared from Be An 277 or 
Be H 5056 and Be H 151 were tested with a 
wide variety of antisera against as many viruses 
as were available to us. One or more of the above 
antigens were combined with immune sera 
prepared against 39 different viruses of which 5 
belonged in group A, 10 in group B, 3 in group 
C' and 2 in the Bunyamwera group.® The remain- 
ing 19 included the majority of the ungrouped 
viruses in our possession. The second method 
of cross-testing consisted of reacting immune 
sera from one or more of the three virus types 
against a variety of standard antigens. Twenty- 
one antigens were tested, including four in group 
A, four in group B, two in group C, four in the 
Bunyamwera group, and seven ungrouped. No 
cross-reaction was observed in any of these tests. 

Cross HI tests were possible in one direction 
only and were used mainly to exclude relation- 
ship between the new viruses and the previously 
established groups. Immune sera of the Be An 
277 type were tested against 14 hemagglutinating 
antigens, 5 in group A, 4 in group B, 4 in group 
C and 1 in the Bunyamwera group. Immune sera 
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Fig. 1. Cross complement-fixation test between Be H 5056, Be H 151 and Tr 8362 


of the Be H 151 type were tested against the 
last five. No inhibition was obtained. 

From these results, it is concluded that the 
viruses under study are immunologically distinct 
from previously described groups of arthropod- 
borne viruses, or from as yet undescribed groups 
of viruses available to us for study, and form a 
group of their own comprising Guamé virus 
(Be An 277 type), Catd virus (Be H 151 type) and 
Bimiti virus (Tr 8362 type). 

DISCUSSION 


In the establishment of the A and B groups of 
arbor viruses, the HI test was of the greatest 


value in indicating group relationship, with the 
CF test used more to differentiate between 
individual viruses. In the establishment of the 
Bunyamwera group, these tests assumed different 
values, the CF test being the group-relating 
test while the HI test demonstrated virus indi- 
viduality. Furthermore, in the latter group, 
the value of the HI test as a tool for group study 
was markedly restricted in that from many of 
the viruses no hemagglutinin could be prepared. 
In the establishment of the C group of viruses, 
the HI test was again of importance, both for 
determining group relationship and for strain 
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separation, while the CF test was of value only 
in showing group relationship. In all of these 
studies, the NT test was used mainly to confirm 
observations made by the in vitro tests. In the 
studies now reported, we have a group in which 
the HI test has not been available and in which 
the CF test merely indicates group membership 
and fails to differentiate between the viruses 
comprising the group. Because of this, it is 
necessary to rely entirely on the NT test to 
determine which viruses are the same and which 
are different. In the studies on the Bunyamwera 
group, it was shown that Cache Valley virus and 
Bunyamwera virus were almost identical by CF 
tests and cross-neutralized to a greater extent 
than has been demonstrated here between the 
Be An 277 series and the Be H 151 series, yet 
were sharply differentiated by the HI test.® It is 
therefore possible that equivalent subdivisions 
may exist between the several isolates of the 
Be An 277 or the Be H 151 type of viruses. It 
is our belief, however, that the exploration of 
the further subdivision within the group will be 
impractical pending the discovery of more 
sensitive serological techniques. 

As was pointed out in an earlier paper,® 
alphabetic designation of arthropod-borne virus 


groups may, with an increasing number of groups, 


cease to be practical and, furthermore, may 
result in conflicting designations by independent 
investigators. For these reasons, it has seemed 
advisable to designate this new group by the 
name of one of its members, Guamé. 


A NEW GROUP OF VIRUSES 


SUMMARY 


Three hitherto undescribed arthropod-borne 
viruses, two from Brazil and one from Trinidad, 
have been found to be immunologically related 
to one another and, thus, to comprise a new 
immunological group. The prototypes of these 
viruses are: Be An 277 to which Causey et al. 
have given the name Guamé virus; Be H 151 
named by Causey et al. Cati virus; and Tr 
8362 named Bimiti virus by Spence et al. It is 
proposed that the group be given the name 
Guamé. 
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ITAQUI VIRUS, A NEW MEMBER OF ARTHROPOD-BORNE GROUP C* 


ROBERT E. SHOPE, CALISTA E. CAUSEY anv OTTIS R. CAUSEY 


The Belém Virus Laboratory, Belém, Paré, Brazil 


Many strains of arthropod-borne viruses be- 

longing to group C' have been isolated near 
3elém, Brazil, since 1954.? In the course of studies 
on the hemagglutination-inhibition (HI) rela- 
tions of 200 of these viruses, it was noted that 
several of them differed from the five prototypes 
previously described. These strains constitute a 
sixth type, the members of which have been 
shown to be identical or closely related by their 
HI and complement-fixation (CF) reactions, 
and to be different from the five reported types 
in group C. 

It is proposed to call this sixth prototype of 
group C “Itaqui,” after the name of the stone 
quarry near which the virus was first isolated 
from the blood of a sentinel cebus monkey on 
April 26, 1956. 

Itaqui virus is pathogenic for suckling and 
adult mice by all routes of inoculation, although 
adults sometimes intraperitoneal or 
subcutaneous injection. Average survival time 
(AST) .of 3-day-old mice inoculated intra- 
cerebrally (i.c.) is 1.0 day, intraperitoneally (i.p.) 
1.2 days; the AST of adults inoculated i.c. is 3.2 
days. As with the other types of group C, infant 
mice appear apneic and cyanotic shortly before 
death, and die following a tonic spasm. Adults 
show ruffled fur before death and usually are not 
paralyzed. The virus is infectious after passing 
through a Seitz filter. 

Since 1956, Itaqui virus has been isolated from 
22 infections in man, sentinel monkeys and mice 
and a wild rodent. The one human infection by 
Itaqui recorded to date occurred in a 17-year-old 
male from Braganca, who noted headache and 
feverishness on the afternoon of November 23, 
1959, while working in a clearing at the margin of 
the Oriboca Forest near Belém. At the time blood 
was obtained on the following day, his tempera- 
ture was 100.2°F, pulse 80, and he complained of 
headache, photophobia, dizziness and epigastric 
discomfort. He had mild coryza and cough. 
Leukocyte count was 6,600 per cmm and blood 
examination for malaria parasites was negative. 


survive 


* These studies were conducted with the support 
and under the auspices of the Servigo Especial de 
Satide Publica of Brazil and The Rockefeller 
Foundation. 


Four sentinel monkeys have harbored Itaqui 
virus, in no case showing apparent illness. Viremia 
in one monkey lasted at least 5 days as shown by 
isolations from two successive bleedings on Feb- 
ruary 21 and 25, 1958. Itaqui has been isolated 
from 16 sentinel mouse groups, in 10 of which 
more than one individual harbored the virus. 
Itaqui also was isolated from the blood of a wild 
rat (Proechimys){ which did not appear ill. All 
animals tested developed neutralizing antibodies 
in convalescent sera. 

The following viruses were used in identifica- 
tion of Itaqui: Oriboca (Be An 17), Murutucu 
(Be An 974), Marituba (Be An 15), Apeu (Be 
An 848), Caraparu (Be An 3994) and Be An 
12797, a strain of Itaqui isolated from blood of a 
sentinel mother mouse. HI testing was performed 
by the methods of Clarke and Casals,’ using 
acetone-extracted serum antigens and kaolin- 
treated sera prepared in mice by single subcu- 
taneous injection of infected brain, followed by 
bleeding 1 to 2 weeks later. CF testing was in 
block titrations by microtechnique adapted from 
Fulton and Dumbell.‘ Sera were made in the same 
way as for HI testing. 

Neutralization (NT) testing was by the con- 
stant serum-varying virus dilution technique, 
i.p. in 3-day-old Swiss mice, using either brain or 
serum as virus source. Serum-virus mixtures were 
incubated at 37°C for 1 hour. Immune sera 
were made in cebus monkeys rather than in mice 
because monkey sera have been found to be more 
effective in differentiating group C agents than 
mouse sera made by comparable technique. 

Itaqui is serologically distinct from the five 
other group C prototypes, as shown in Table 1. 
By HI and NT there is relationship to Oriboca 
virus, and by CF Itaqui is indistinguishable from 
Caraparu virus. Of 17 Itaqui strains tested, all 
show a common CF relationship to Caraparu. 

Itaqui has not been isolated from mosquitoes, 
although its occurrence in sentinel animals placed 
in cages off the ground and accessible only to 
flying insects, as well as its serological relation- 

+t This animal was trapped and bled by a field 


team of the Oswaldo Cruz Institute under the 
direction of Dr. Hugo Laemmert. 
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TABLE 1 


Serological relationships of Itaqui virus 





Antigen —— — 


Sera 





Itaqui Oriboca 





Marituba Murutucu Caraparu 








Hemagglutination-inhibition testing 





Itaqui.. wee $2 40 
Oriboca 320+ 
Marituba. . 

Murutucu. . 

Apeu... 

Caraparu... 





0 10 


640+ 
| 160 








Neutralization testing 





Itaqui.... 
Oriboca 
Marituba 
Murutucu 
Apeu... 
Caraparu 


0 


2.1 








Complement-fixation testing 





Itaqui 64+/128+ | 4/8 
Oriboca 4/16 16/128+- 
Marituba. . ; 0/0 

Murutucu.... 4/4 

RG ewes 0/0 

Caraparu... | 64+-/32 








0/0 0/0 64+/128+ 


8/128+ 


| 16/128+ 
| 64+/128 


| 


| 

| 

| $2/128+ | 
| | 





* Reciprocal of serum dilution giving complete inhibition of agglutination of 8 units of antigen. 
+ = endpoint not reached. 0 = negative at 1:10 dilution. 

+ Log neutralization index 0 = less than 1.3 log neutralization index. 

t Reciprocal of serum dilution over reciprocal of antigen dilution giving greater than 50% fixation. 


= negative at 1:4 dilution. 


ship to other arthropod-borne viruses, suggests 
that it is also a mosquito-borne agent. 

Like other group C viruses, Itaqui appears to 
be endemic in the forests near Belém, Brazil. The 
isolation of this agent from the blood of a forest 
rat may indicate that the small forest rodents are 
a possible source of infection for arthropod vec- 
tors, with man becoming infected incidentally 
when he ventures into the forest. 


SUMMARY 


Itaqui virus, a new member of arthropod-borne 
group C, has been isolated from 22 infections in a 
febrile human being, sentinel animals and a forest 
rat near Belém, Brazil, since 1956. It is related 


by HI and NT to Oriboca virus and is indis- 
tinguishable by CF from Caraparu virus. 
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EVALUATION OF ACTIVITY OF VIRAL ENCEPHALITIDES IN MINNESOTA 
THROUGH MEASUREMENT OF PIGEON ANTIBODY RESPONSE* 


T. A. OLSON,f R. C. KENNEDY,}{ M. E. RUEGER,{ R. D. PRICE$ 
anp L. L. SCHLOTTMANT 


Among humans the most extensive known 
outbreak of Western equine encephalitis (WEE) 
occurred in 1941 in the northcentral United 
States and adjacent Canadian areas when over 
3,000 persons were reported to have contracted 
the disease.! In that year in Minnesota alone, 
Eklund? reported 782 cases involving humans 
and 6,777 involving horses. A considerably 
larger epizootic in horses had been observed in 
Minnesota during 1937 and 1938 when 41,159 
and 11,242 cases, respectively, were noted; how- 
ever, cases among humans in this same period 
numbered only 25 and 46.? Since this epidemic 
of 1941, the WEE virus has continued its activity 
within the area but seemingly at a much reduced 
rate. This is currently evidenced by recent reports 
in Minnesota of 2 human cases in 1957, 12 in 
1958, and 6 in 1959; 8 of these were confirmed 
serologically to be WEE and the other 12 were 
diagnosed only on clinical symptoms.’ In addi- 
tion to these cases in humans, 19 cases of equine 
encephalomyelitis were reported among horses in 
1957, 17 in 1958, and 16 in 1959.4 

It is not known why the WEE virus, which 
produced so many cases in horses from 1937 
through 1944 and in humans in 1941, has shown 
so little activity in the ensuing years. The 
steadily decreasing number of draft horses with- 
in the area might account for the reduction of 
clinical attacks among the equine population 
but not to the extent observed. When one 
considers the more than 3,000 cases of recognized 
WEE among humans in 1941 and the probably 
much larger number of subclinical cases which 
must have occurred during the same period, it 
may be postulated that the susceptible human 
population was greatly reduced. This in itsel, 

* This investigation was supported in part by 
Research Grant E-1841 from the National Institute 
of Allergy and Infectious Diseases, National 
Institutes of Health, Public Health Service. 

t School of Public Health, University of Min- 
nesota, Minneapolis 14, Minnesota. 

t Rocky Mountain Laboratory, Hamilton, Mon- 
_ of Entomology and Economic 


Zoology, University of Minnesota, St. Paul 1, 
Minnesota. 


could account for the absence of an epidemic in 
the years immediately following the 1941 episode; 
however, almost two decades have elapsed with- 
out another outbreak in spite of the fact that 
there should have been ample time to build up 
another large non-immune group. One explana- 
tion might be that the WEE virus has reached 
such a low level of activity that only rarely does 
man come in contact with it. Another pos- 
sibility is that the virus has been present through- 
out the entire period without producing many 
recognized cases. Regardless of what the reason 
may be, there is certainly no cause to assume 
that the factors necessary to produce a wide- 
spread outbreak will not again become operable. 
Furthermore, it is believed that if some method 
can be utilized to assess the WEE viral activity 
in an area over a period of years and then to 
correlate this with factors such as the activity 
of the vector mosquito, Culex tarsalis Coquillett, 
some insight might be gained relative to factors 
leading to another epidemic. Therefore, the 
present study was undertaken in 1958 to evaluate 
the activity of the viral encephalitides in Minne- 
sota. This paper presents the results of the 
first 2 years of this work. 


METHODS 


Of the various techniques available for assay- 
ing the activity of the viral encephalitides in an 
area, the one utilizing the pigeon sentinel station 
was decided upon for this study. Winn et al.® 
have shown that pigeons develop a relatively 
high and persistent neutralizing antibody titer 
following inoculation with comparatively small 
doses of WEE virus and that these birds con- 
stitute a satisfactory sentinel animal for the 
study of WEE virus activity in an endemic area. 

The sites selected for the location of sentinel 
stations represented areas which differed ecologi- 
cally and in which WEE was known to have 
occurred in the past. The four station sites in 
1958 were as follows: (1) the Crookston station, 
located in northwestern Minnesota in the prairie 
region of the Red River Valley and representative 
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of one of the major areas in the 1941 epidemic; 
(2) the Fergus Falls station, approximately 120 
Crookston and located in the 
from Lake 


the upland area; (3) the Buffalo station, located 


miles south of 


transition zone glacial \gassiz to 
about 40 miles northwest of the Minneapolis-St. 
Paul area, representative of the central region 
of the state and with the added importance of 
being relatively near a large metropolitan area; 
and (4) the Spring Lake station, about 25 miles 
southwest of the Twin Cities and located within 
the Metropolitan Mosquito Control District 
(MMCD), which began operations in 1958. In 
1959, the first three stations were utilized again; 
however, the observation point at Spring Lake 
was abandoned in favor of a location at Sherburn, 
in the extreme southcentral part ol Minnesota. 
The latter site lies in the center of a region where 
large numbers of horses became ill with WEE in 
the epizootics of the late 1930’s. The 
of these to 674 frank 
and to r ported cases in 
1957 1959 is 


shown in Figures | and 2. Within each of these five 


location 


sites in relation human 
cases recorded in 1941 
humans* and horses* in through 
general areas, the specific site for the construction 
of the pigeon cage was either a farm on which 
WEE had occurred or else one adjacent to a farm 
that had reported WEE. The selection of sites 
believed to offer the best 


of WEE virus 


in this manner was 


possibility of recovering evidence 
activity. 

At each of the five 
to be exposed to the bites of mosquitoes during 
there 


sites, 


where pigeons were 
constructed a sentinel 
a flight 


wire 


the summer, was 


station consisting ol covered with 


chic ke n 


10x S x & feet 


Cage 


l-inch mesh and measuring not 


This outer flight cage 
adjoined an enclosed shelter which provided the 


less than 


pigeons with protection in adverse weather and 


gave them roosting and nesting areas (Figure 3). 


Each cage was stocked with approximately 60 
thes 


pigeons all represented new stor k hatche d during 


pigeons at the beginning of the season; 
the spring of the year and were supplied for this 
The 
feeding and 
least 
assured the 


purpose by a professional exterminato! 
stations were equipped with larg 
that 


project 


watering devices so visits at once 


each week by personnel 
pigeons ol adequate sustenance and hygienic 
conditions. 

An initial bleeding of each pigeon was made 
in the first part of June before the release of the 
field locations. This, 


birds into their as well as 
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Olson! 


among 
) and horses in Minnesota from 


1957 through 1959. 


subsequent bleedings, was done by nicking a 
Bard-Parker blade and 
collecting the blood directly into a small tube 


brachial vein with a 


containing 0.1 ml of a 1% heparin solution. 
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3. Pigeon sentinel station at Fergus Falls, Minnesota 


the serum was shipped 1 hour at 37°C, 0.03 ml of the mixture was in 
\lountain Laboratory for all oculated intracerebrally into each of six mice 
Upon arrival there, the serum If there was no indication of neutralization, no 


20°C and stored until used. Three further testing was performed and the serum 


geons were made at sample was considered negative for WEE anti 

each year. Since bodies. If, on the other hand, neutralization of 

numbered, it was possible in the virus did occur, the degree of neutralization 

ssure that each pigeon was was determined by adding serum to serial 10-fold 
«lies to the WEE virus when — dilutions of the virus 

ind then to determine the 

summer when a parti RESULES 

1 positive antibody Table 1 summarizes the results obtained in 

the first 2 vears of this study. As indicated 

Antibody determination was by a neutraliza earlier, approximately 60 pigeons initially were 

tion technique utilizing white mice 21 days old released into each sentinel station during early 

no dilution of the pigeon serum June; but, because of unforeseen circumstances, 

if the amount of serum was — varving numbers of these pigeons failed to survive 

d dilution was made. For to the final bleeding. This had been anticipated 

purposes, a WEE live virus (RML_ and the original release of 60 birds had been 

vas added to the serum to give a made with the hope that a final number of not 

dilution of 10 \fter incubation for less than 35 to 40 would survive. With the ex 
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TABLE 1 


tntibody €8 PONSE to the Western equine encepha 


litis pirus by pigeons exposed n sentinel 


Vinne sola 


stations in 


Crookston 1958-25 July 
19 Aug 
23 Oct 
1959-15 July 
21 Aug 
IL Sant 
24 p 
Fergus Falls 1958 = 24 July 
22 Aug 
22 Oct 
1959 IS Ju 

20 Aug 
25 Sept 
L958 15 Ju 

13 Aug 
17 Oct 
1959 9 Ju 

27 Aug 
30 Sept 
1958 14 July 
14 Aug 


17 Oct 


Spring Lake 


Sherburn 1959 6 Jul 
IS Aug 
22 Sept 
* Denominator designates total as indicated in 
text 
Two pigeon bloods positive for St Li 


this 


UIs en 
cephalitis antibodies on date 
ception of the Spring Lake station, this objective 
was attained 

\ brief word of explanation Is necessary to 
show how the final percentage of positive pigeons 
calculated. A that showed WEE 
antibodies on any or all of the three dates of 


positive even 


Was pigeon 


bleeding was considered though 
that bird might become negative on a subsequent 
date or might die before the 
Although Winn et al.° demonstrated the per 


sistence of WEE antibody titers for at least 90 


end of the season 
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days in pigeons, the present study revealed that 
a few of the birds failed to respond in this manner. 
However, since this investigation is concerned 
primarily with numbers of pigeons becoming 
infected with WEE and not with the duration 
of the antibody titer, the handling of the data 
as stated above seems justified. All negative 
pigeons that died before the last bleeding were 


excluded from the final summation; they were 


omitted on the assumption that to treat them 
otherwise would be the same as removing a 
potential positive from the final date. Therefore, 
the fraction given for the cumulative positive 
value for the last date each year (Table 1) rep 
resents the following: total number of positive 
pigeons, as defined above, over the total number 
of positive pigeons plus the totai number of 
negative that through the 


entire season and were negative to WEE at all 


pigeons survived 
bleedings. The per cent positive is an expression 
of this fractional value 


DISCUSSION 


One of the striking features of the data obtained 
in this 2-year study is the large proportion of 
pigeons that became infected with WEE during 
the 1958 at both Crookston 
Fergus notable that the 


was, 


summer of 
Falls. It 
of antibody for practical 
the both 

This would seem to indicate that viral activity 


and 
is also rate 
response pur- 


poses, same (about 687) in areas. 
in birds was at a very high level that year. Even 
though the percentage of positive pigeons dropped 
to 24 and 23° 
of the virtual absence of human cases during 
these vears, it is clear that the WEE virus was 
still these The 


the lessening of virus activity in 


¢, respectively, in 1959 and in spite 


reason for 
1959 is not 
known, but it is anticipated that in the con- 
tinuation 


present in regions. 


of this study a possible explanation 
for this phenomenon may be found. At present 
it would appear that the abundance of C. tarsalis 
is related to the intensity of viral activity as 
observed in sentinel birds. This relationship is 
a part of a current study which is as yet 
incomplete. 

infection level 


but moderate, 


was noted for both vears among the pigeons 


\ consistent, 


held in the sentinel cage near Buffalo. Burroughs 
and Burroughs,® in a WEE virus survey involv- 
ing 50,000 the 


isolated the virus from four pools of C. tarsalis 


mosquitoes from same area, 


and one of Aedes verans (Meigen). Burroughs’ 
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in agreement with those 
Both studies indicate that 


findings, therefore, are 


reported here viral 


activity occurs each year relatively close to a 


heavily populated urban area where, given the 
threat to 


of St. 


proper conditions, it could pose & 


large numbers of people. Recovery Louis 
encephalitis antibodies from two pigeons at the 
1959 indicates that the viral 
limited to that of WEE alone 
Buffalo lies outside the six-county 
encompassed by the MMCD, the 
danger of an outbreak of either of these viruses 


in the 


Buffalo station in 
activity is not 
Although 


territory 


Twin City area itself is lessened through 
the activities of this mosquito control organiza 
tion, whose program was initiated in 1958 

The Spring Lake station, only 25 miles south 


west of the Twin Cities and lying within the 


mosquito control district, showed no WEE viral 
activity in 1958. It was for this reason as well 
as for that of the increasingly effective operations 
of the MMCD that the Spring Lake site was 
ibandoned in 1958 in favor of a new location 
it Sherburn. Because of the past history of cases 
of WEE in latter 
surprising that in 1959 only one pigeon became 


infected with WEE. The 
of WEE observed at Sherburn that vear possibly 


horses in. the area, it was 


unusually low incidence 


mav be attributed to low viral activity or to 


the virtual disappearance of the virus from the 
ren 


! 
Seasonal 


In sumn 


ition of the occurrence of 


WEE as 


technique, it can be 


demonstrated by the station 
total of 


positive at the 


sentinel 
said that, of the 
105 positive pigeons, 19 were 
first bleeding in July, 41 
positive at the se 
15 becam 
fina 


this it may 


idditional birds wer 
cond bleeding in August, and 
that time and the 


( letober 


posit between 


bleeding in September o1 From 


be postulated that a positive relation 


ship , 


xists between WEE infections in captive 


birds exposed to mosquito bites in the field and 


the general seasonal abundance of C. tarsalis 


This statement is based on general field observa 


tions of mosquito abundance; details pertaining 


to such an interrelationship will be dealt with in 


a later paper 
SUMMARY 


In an attempt to evaluate the activity of the 


Western equine encephalitis virus within Minne 


RUEGER, 


PRICE AND SCHLOTTMAN 

sota, the pigeon sentinel station technique was 
utilized in each of four areas during the summers 
of 1958 and 1959. 


tarsalis Coquillett emerged in appreciable num 


Each summer, before Culex 


bers, 240 juvenile pigeons, shown to be free of 
WEE, into 
groups of 60 and released into a flight cage in 


- 


antibodies for were divided four 
each study area. The birds were bled at monthly 
intervals 


Rocky 


study 


and the samples were sent to the 
Mountain Laboratory for serological 
The locations of the stations and the respective 
percentages of birds with antibodies for the WEE 
virus in 1958 and 1959 are (1) Crook 
Falls, 


and 31.7%; (4) 


as follows: 
68.3 23.9%: (2) 
Buffalo, 34.1 
Lake, 0.0°7 in 1958, 
1959; and (5) Sherburn, the station 
established in 1959, 1.7°7. A total of 105 pigeons 
WEE infection during the 


these, only 


ston, and Fergus 67.6 
and 22.8%; (3) 
with 


Spring station not 


utilized in 


showed evidence ol 


2 vears; of 19 were positive at the 
July bleeding, $l more became positive bv the 
\ugust 15 additional birds 


bleeding and were 


positive at the final bleeding in September o 
October \t the Buffalo 
which were negative for WEE showed antibodies 


lor St 


station, two 


pigeons 
Louis encephalitis. 
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EPIDEMIOLOGICAL SIGNIFICANCE OF THE INTERFERENCE 
PHENOMENON 


HARALD FREDERIKSEN 


Division of International Health, Public Health Service, Washington, D. C. 


It is well known that infection with one virus 
may prevent the simultaneous propagation of 
another virus in the same experimental host. 
The antagonistic effect of one virus upon the 
multiplication of another virus has been called 
interference. Although the mechanism is not 
fully understood, it has been established that 
the interference phenomenon is entirely distinct 
from specific immunity mediated by antibodies. 
Epidemiological evidence has suggested that 
interference may influence the natural distribu- 
tion of viruses;!-> however, the epidemiological 
significance of interference is yet to be established. 

Interference may be established as an epi- 
demiological principle by conclusive evidence of 
negative correlation between the natural distribu- 
tions of pairs of viruses which display interference 
under experimental conditions and, furthermore, 
an epidemiology so similar and immunology so 
distinct that, on the basis of what is known, 
only interference provides a common and tenable 
explanation for the negative correlation between 
the natural distributions of the interfering viral 
pairs. 

Confirmation of interference as an epidemio- 
logical principle would have practical as well as 
academic implications. To mention but one, 
such confirmation would justify investigation of 
whether interference, in synergism with im- 
munity, has a role in the spontaneous extinction 
of viral strains, notably of influenza, and as 
corollary, whether interference may have a 
synergetic role in the eradication of viral diseases. 

These considerations led to the examination 
of the natural distributions of influenza A and 
B. The agents of the representative disease 
pair have shown interference under experimental 
conditions.*® 

Immune reactions of the two viruses are so 
different that immunity to one affords ne resist- 
ance to the other virus.”: * Moreover, the viruses 
share a similar epidemiology and predilection for 
the same season. Independence in the prevalence 
of these viruses has either been assumed or has 
not been ruled out on the basis of hitherto 
accepted epidemiological principles. 


Upper respiratory diseases in general, influ- 
enza A and B in particular, are so similar in 
symptomatology that diagnosis of influenza by 
type must be based on results of laboratory tests. 
Fortunately, an extensive network of laboratories 
has been identifying influenza outbreaks through- 
out the United States since 1948. 

The record of influenza virus isolations 
throughout the United States was compiled for 
the 12 years since the inception of the influenza 
surveillance program (Table 1). A scatter diagram 
of the virus isolations by type and year indicated 
that, after logarithmic transformation, the 
relationship between influenza A and B can be 
described by a linear correlation. The coefficient 
of correlation between influenza A and B was 
calculated from the logarithmic equivalent of 
the virus isolations (Table 1). An inverse asso- 
ciation of influenza A and B is indicated by the 
highly negative correlation coefficient of —0.93. 
Occurring by chance less than once in a thousand 
times, the negative correlation between influ- 
enza A and B is statistically highly significant. 

A hypothesis of independence of the prevalence 
of influenza A and B seems to be rejected by the 
observation of the negative correlation between 
the viral distributions which, on the basis of 
probability, is not attributed to chance. Postula- 
tion of the interference phenomenon as epi- 
demiological principle is consistent with the 
experimental evidence of viral interference and 
the observation of a reciprocal prevalence of 
influenza A and B. 

Although the findings must be qualified as a 
result of a question of whether the basic data 
derive from adequate and, from year to year, 
comparable sampling of influenzal infections, 
there is no indication that the preponderance of 
influenza A in some years and of influenza B in 
other years has merely been an artifact resulting 
from the absence of uniform practices in the 
collection, testing, or reporting of specimens by 
the individual laboratories participating in the 
influenza surveillance program. Since the effec- 
tiveness of influenza vaccine depends to such an 
extent on specificity, a key purpose of the network 
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TABLE 1 


Influenza A and B virus isolations in the United 
States, 1948-1960* 





Logarithmic 


Isolations transformation 





A B 





1948-1949 
1949-1950 
1950-1951 
1951-1952 
1952-1953 
1953-1954 
1954-1955 
1955-1956 
1956-1957 66 
1957-1958 762 
1958-1959 27 
1959-1960 234 


1.71 
1.90 
2.23 
0.48 
2.60 
— © 
0.48 
1.51 | 
1.82 | 
2.88 | 
1.43 | 








2.37 0.30 


* Compiled from the records of the National 
Office of Vital Statistics. 


of laboratories, collaborating with the World 
Health Organization in the world-wide surveil- 
lance of influenza, has been the determination of 
the strains as well as of the types of virus respon- 


sible for the prevailing influenza epidemics. 
Variations of the type and strain of virus pre- 
dominating in the United States have closely 


corresponded to the predominant strain in 
Western Europe. The variations have often 
seemed to represent waves in the pandemic 
spread of distinct types and strains of influenza 
virus in successive years. 

It is hoped that the tentative findings will 
encourage consideration of the desirability and 
feasibility of uniform methods and criteria for 
sampling, identifying, and reporting influenza 
outbreaks. Any such taken to ensure 
comparability of basic data from individual 
laboratories participating in the influenza 
surveillance program would permit more de- 
finitive conclusions concerning the significance of 
interference as well as the epidemiology of 
influenza, either of which cannot be exclusively 
based on morbidity and mortality reporting. 


steps 


HARALD FREDERIKSEN 


SUMMARY AND CONCLUSIONS 


Immune reactions to influenza A and B are so 
different that the prevalence of one type of 
influenza would not be influenced by immunity 
to the other type, and yet a negative correlation 
between the natural distributions of influenza A 
and B becomes apparent in the compilation of 
influenza virus isolations in the United States by 
year since 1948. 

The observation of a negative correlation 
between the distributions of influenza A and B 
viruses seems to be inexplicable on the basis of 
hitherto accepted epidemiological principles. 
This suggests consideration of interference 
as an epidemiological factor in the natural distri- 
bution of viruses which display interference under 
experimental conditions. Such a working hy- 
pothesis would seem to be consistent with experi- 
mental and epidemiological observations and 
may prove to be tenable at least as long as the 
negative correlation between natural distribu- 
tions of interfering viruses continues to hold. 
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OF THE ANNUAL COUNCIL MEETING 


The annual business meeting of the Council 
was held November 2, with President Wright 
presiding. All the Council members were present 
with the exception of P. F. Russell, A. Gabaldon, 
J. E. Smadel and J. M. Henderson. Drs. 
Augustine, Andrews, and Beck were also in at- 
tendance. 

The minutes of the eighth annual meeting, held 
in Indianapolis, were approved as published in 
the Journal for March 1960. 

The Secretary’s report was presented as fol- 
lows: 


This report covers the period of the fiscal year, 
from October 1, 1959, through September 30, 1960. 
Highlights of the year were as follows: Early in the 
Society year, Paul C. Beaver was elected Editor- 
in-Chief of Society publications and at once as- 
sumed his duties. Martin Frobisher, the retiring 
Editor, remained as Associate Editor and Martin 
D. Young continued on the Editorial Board. 

In January, Louis J. Olivier resigned as Editor 
of Tropical Medicine and Hygiene News, and 
William B. DeWitt was elected by Council to suc- 
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Asa C. Chandler... 
Justin M. Andrews 
Donald L. Augustine. . 
Lewis W. Hackett 


ceed him. Later in the year the Secretary-Treas- 
urer resigned and in his place the Council elected 
Don E. Eyles, who will take office at the annual 
meeting. 

Otherwise there have been no startling develop- 
ments in the affairs of the Society during the year. 
The membership was maintained satisfactorily, 
and the financial status is very good indeed, as 
will be seen from the report of the Treasurer. The 
Council selected Atlanta as the site of the 1962 
meeting. 

Annual meetings. The eighth annual meeting of 
the Society was held in Indianapolis with well over 
300 in attendance. Thanks to the efficient work of 
the Local Committee, of which Dr. McCowen was 
Chairman and Dr. Summers Co-chairman, the 
meeting was very successful. 

Membership. At the end of the year the Society 
had enrolled 1,107 Members in good standing in- 
cluding three Life Members, as compared with 
1,088 in 1959. In addition there were 11 Honorary 
Members and 18 Emeritus Members, making a 
total of 1,136, which is 21 more than in the pre- 
ceding year. In addition, there were 60 members in 
arrears of dues for 1960, 43 in arrears for 1959, and 
25 in arrears for 1958. These last will be dropped 
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from the rolls of the Society at the end of the cal- 
endar year. Adding these 128 members in arrears 
of dues for one or more years to the 1,136 in good 
standing gives a total membership on the books of 
1,264. 

Included in the total are 86 new members elected 
in 1960, whom we welcome into the Society. There 
were 74 new members the previous year. 

With much regret, we record the death of the 
following valued members: 

Epwin J. DE BEER 
Joun E. ELMENDORF 
G. NELSON FURBECK 
Janet WELCH MACKIE 
James B. McNavucat 
JoserH F. SILER 

During the year 28 members submitted their 
resignations. 

Activities in with the 
Committees are reported under the appropriate 


connection various 

headings. 

Respectfully submitted, 
Rouua B. Hrii 
Secretary 


The report of the Secretary was accepted as 
read. 

The Treasurer’s report was presented as fol- 
lows: 


The financial condition of the Society continued 
to improve during the year, due in large part to 
the increase in dues voted two years ago. Our cash 
balance rose to $8,700 in round numbers as com- 
pared to $4,500 a year ago. Our total assets also in- 
creased, $29,000 to $33,700. Over $20,000 of this is 
in U.S. Savings Bonds, the interest on which is 
available in part for current expenses and in part 
for the publication of Transactions and review 
articles. 

The publishers estimate that there may be a 
profit of $1,600 from the Journal this year. The ex- 
act amount will not be known until the end of the 
calendar year and the current volume. Our edi- 
torial office had not been reimbursed for its ex- 
penses during most of the year, so that the 
auditor’s report does not show them. Actually, 
total expenses will be slightly over a thousand 
dollars. The office of the Secretary-Treasurer 
spent around $3,500, the usual amount. 

The cash balance of the ‘‘News’’ was reduced 
from $1,700 to near $700, but the inventory, con- 
sisting largely of copies of the new edition 
of Health Hints, increased by almost $1,000, leav- 
ing the net worth but little changed. 

During the year, the Treasurer redeemed cer- 
tain of the Savings Bonds and, with the proceeds 
plus payment from a Life Member, purchased 
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other Savings Bonds. No other transactions were 
made. 
Altogether, your Treasurer feels that he is 
leaving the Society in a flourishing condition. 
The report of our audit follows, giving details. 
Respectfully submitted, 
Rouia B. Hii 
Treasurer 
October 21, 1960 
The Officers and Councilors 
The American Society of 
Tropical Medicine and Hygiene 
Miami, Florida 


Gentlemen: 

I have examined the financial records of the 
American Society of Tropical Medicine and 
Hygiene, Miami, Florida, and Tropical Medicine 
and Hygiene News, Bethesda, Maryland, for the 
fiscal year ended September 30, 1960, and now sub- 
mit as my report the exhibits, schedules, and com- 
ments listed in the preceding index. 


SCOPE OF EXAMINATION 


My examination was made in accordance with 
generally accepted auditing standards, and, ac- 
cordingly, included such tests of the accounting 
records and other auditing procedures as I con- 
sidered necessary in the circumstances to enable 
me to render an independent accountant’s opinion 
on the fairness of the representations in the state- 
ments showing the assets and liabilities of the or- 
ganization at September 30, 1960, and its operating 
results for the fiscal year then ended. Auditing 
procedures employed included those set forth in 
the following paragraphs: 

The bank balances were confirmed by direct 
communications from the depositories. All cash 
receipts and disbursements were traced through 
the bank accounts. All other current assets, with 
the exceptions of (1) inventory of ‘‘Health Hints 
for the Tropics’”’ included as a cost of $1,133.15, 
and (2) the account receivable from Williams and 
Wilkins as estimated profit on 1960 issues of the 
Journal were either computed by me or otherwise 
satisfactorily verified. 

The United States Savings Bonds in the amount 
of $20,687.50, stated at cost, were inspected at the 
Coconut Grove Bank and all found to be regis- 
tered in the name of the Society. 

There were no changes in fixed assets during the 
fiscal year. 


ACCOUNTANT’S OPINION 


In my 
sheets, 


opinion, the accompanying balance 
and related cash receipts statements, 
fairly present the assets and liabilities of the 
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American Society of Tropical Medicine and 
Hygiene, Miami, Florida, and Tropical Medicine 
and Hygiene News, Bethesda, Maryland, at Sep- 
tember 30, 1960, resulting from cash transactions, 


and the income collected and the expenses dis- 
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bursed for the fiscal year then ended, and are pre- 
sented on a basis consistent with that of the pre- 
ceding year. 
W. Keira WHEELING 
Certified Public Accountant 


Exhibit A 
The American Society of Tropical Medicine and Hygiene 
Miami, Florida 
CoMPARATIVE BALANCE SHEETS 
September 30, 1960 and 1959 


September 30, 1960 September 30, 1959 


Assets 


Current assets: 
Cash in bank (Exhibit B).. 
Accounts receivable (Note 1) 


$8,774.94 $4,566.93 


1,478.35 


Interest receivable, U. S. Savings Bonds (Exhibit 


A, Schedule 1) 


Investment assets: 


U.S. Savings Bonds, at cost (Exhibit A, Schedule 1) 


(Note 2) 
Series J. 
Series K 
Series E.. 
Series H 


Tropical Medicine and Hygiene News (Exhibit C).. 


Fixed assets: 
Office equipment. . 


Total assets 


Current liabilities: 

Payroll taxes and withheld wages due 
Deferred credits to income: 

Prepaid dues.... 


Total liabilities 
Net worth: 
Retained income 


Balance, September 30, 1959 and 1958............. 


179.40 


$10 , 556.29 


$198.00 
20 ,000 .00 
187.50 


$20 385.50 


22 696.63 2,066.05 22,451.55 


472.24 472.24 


$29,148.47 


$33 ,725.16 


$144.00 $138.00 


102.00 196.25 


$246 .00 $334.25 


$28 341.98 $26 ,090 . 80 


Increase for fiscal years ended September 30, 1960 


 ) an 


Balances, September 30, 1960 and 1959 (Note 3)... 


Investment in office equipment 


Total liabilities and net worth 


2,251.18 


$33 ,006 .92 
472.24 


$28 ,341.98 


33,479.16 472.24 28,814.22 





$29,148.47 


Note 1. The account receivable represents the estimated profit from the 1960 publication of four issues 
of the American Journal of Tropical Medicine and Hygiene. This estimate is prepared by the publisher, 


Williams and Wilkins. 
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Note 2. Interest on U. S. Savings Bonds Series E and Series H is available for current expenditures; 
interest on Series K bonds is available for reviews in the Journal and for publishing abstracts of papers 
on the program. 

Note 3. Of the $33,006.92 in retained income as of September 30, 1960, $8,824.46 is unappropriated as 
of that date, the remainder having been appropriated for: 

(1) Extra pages for the Journal $1,904.38 

(2) Life membership fees of Dr. Charles A. Werner, Dr. Etta Mae Macdonald and Dr. J. 

Miles Butler invested in U. S. Savings Bond, Series H at cost 500.00 

3) Investment in U. 8. Savings Bonds, Series K, the interest on which is available for re- 

views in the Journal and for publishing abstracts of papers on the program 20 ,000 .00 

4) Interest collected on Series K bonds to September 30, 1960, less expenditures to date 

(See Exhibit A, Schedule 1)... 1,778.08 


Total appropriated retained income $24,182.46 
Exhibit A, Schedule 1 
The American Society of Tropical Medicine and Hygiene 
Miami, Florida 
INVESTMENTS IN U. 8. Savincs Bonps 
September 30, 1960 


Accrued 


Serial number Maturity value interest 


Series K 
M 91038 K. -5y $1 ,000 .00 $1 ,000 .00 $13.80 
M 91039 K 5 1,000.00 1,000.00 13.80 
M 91040 K —5. 1,000.00 1,000.00 13.80 
M 91041 K -14-! 1,000.00 1,000.00 13.80 
M 195142 K 3-29-! 1,000.00 1,000.00 9.20 
V 26490 K 5-29-5 5,000.00 5,000.00 46.00 
V 26514 K . 7-9-5 5,000.00 5,000.00 34.50 
V 26515 K 7-9-5 5,000.00 5,000.00 34.50 


Total investment Series K $20 ,000 .00 $20 ,000 .00 $179.40 





Series E 
L 461445756 E $37.50 $50 .00 
> 357038215 E 75.00 100.00 
C 357038216 E 5 75.00 100.00 


$250 .00 


Total investment Series E $187 .50 


Series H 
D 3469500 H 2-12-60 $500 .00 $500 .00 1.95 


Total invested and accrued interest as of September 30, 1960 $20 , 687 .50 





$20,750.00 $181.35 





Notes: 

(1) The Series H bond was purchased during the fiscal year ended September 30, 1960, by redeeming 
the Series J bonds on February 12, 1960 for $224.20, (maturity values were $275.00 and costs were 
$198.00) and adding cash of $275.80 to make up the purchase price of $500.00. 

) All bonds are registered in the name of The American Society of Tropical Medicine and Hygiene 

and are kept in the Society’s safety deposit box in The Coconut Grove Bank, Miami, Florida, 
where they were inspected on October 21, 1960, in company with the Secretary-Treasurer, Dr. 
R. B. Hill. 
The interest earned on the Series E bonds is available for current expenditures. However, no 
interest will be received until maturity dates unless the bonds are redeemed prior to maturity. 
The bonds increase in redemption value each year. As of September 30, 1960 the redemption value 
of the Series E bonds was $195.00. 
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(4) Interest on Series H bonds is available for current expenditures and $4.00 was received from this 
source during the fiscal year. 
(5) Interest on Series K bonds is available for reviews in the Journal and for publishing abstracts of 
papers on the program. Interest available for this purpose is summarized below: 
Total interest available September 30, 1959 
Interest collected during fiscal year 


Total interest available. . 
Expenditures during current period 


Balance of interest available as of September 30, 1960.... .. $1,778.08 


Exhibit B 
The American Society of Tropical Medicine and Hygiene 
Miami, Florida 
CoMPARATIVE STATEMENTS OF CasH RECEIPTS AND DISBURSEMENTS 
For the Fiscal Years Ended September 30, 1960 and 1959 


Year ended Year ended 
September 30, 1960 September 30, 1959 
Beginning cash balances, September 30, 1959 and 1958 , 566 . 9: $1,913.22 
Receipts: 
Membership dues: 

1961 

100....... - 741. $196.25 

Sar ees 74. 10,701.00 

Prior years. . oye : 027. 204.50 11,101.75 


The American Journal of Tropical Medicine and 
Pema profit for calendar years 1959 and 1958... oa ,637. 1,576.76 
Profits from annual meeting at Indianapolis, 
Indiana (1960) and Miami Beach, Florida (1959) : 
Share of income from exhibits ee $264.91 
Registrations 1,072.87 
Refunds on advances to local committees on ar- 
rangements , 500 .00 
Fee paid to Society by Sunshine Tours. eure 37.78 i 1,171.08 


Interest earned on U.S. Savings Bonds 556. 552.00 
Miscellaneous transactions in connection with 

dues and subscriptions 17.00 
Donation for next annual meeting received from 

Winthrop Products, Inc att abies 500.00 
Sale of directories.. 
Payments received on life memberships from Dr. 

E. M. Macdonald (1959) and Dr. J. Miles 

Butler (1960) : 100.00 
Refund on express charges from ‘‘News”’ envelopes 25.48 


Total cash available ig ancehaal $19 835.62 $16,957.29 


Disbursements: 
Office expenses: (Exhibit B, Schedule 1) 
Editorial : Ales : $1,141.97 
Secretary-Treasurer ese 3, : 3,651.16 


Total office expenses a BS kare ,120. $4,793.13 
Williams and Wilkins for subscriptions to the 
Journal. . oes , 660. 6,636.00 





78 NINTH ANNUAL MEETING 


Purchase of Series E bonds with life membership 
purchased by Dr. Macdonald.. ; 
Purchase of Series H bond with life membership 
purchased by Dr. J. Miles Butler 
Advance to local committee for last annual meeting. 
Expenses of annual meeting held Miami Beach last 
fiscal year 11,056.68 


12,390.36 





Ending cash balances September 30, 1960 and Septem- 
ber 30, 1959 : ; $8, 778. 94 
Consisting of: Cash in bank 


Exhibit B, Schedule 1 
The American Society of Tropical Medicine and Hygiene 
Miami, Florida 
Orrice EXPENSES 
For the Fiscal Years Ended September 30, 1960 and 1959 


Year ended Y 


$4,566.93 


ear ended 


Expenses September 30, 1960 September 30, 1959 


Secretary- 


Secretary- 


Editorial Treasurer Editorial Treasurer 
Secretarial assistance $508.75 $2 ,463 .00 $668 .49 $2 , 487.00 
Travel and meetings 142.15 191.04 22.30 


Postage 61.40 255.04 188. 


78 247.53 


Printing 185.00 5.04 450 .80 


Office supplies 12.35 81.81 47. 
Telephone and telegraph 38.38 11.15 

Auditing fee 175. 

Medals 

Freight and express 34.4 

Corporate registration 30. 
Contribution to National Society for Medical 


Research 25. 


25 52.96 


19.38 
175.00 
50.38 
23.41 
30.00 


25.00 


Miscellaneous 97.61 26.08 67.40 


Total office expenses , $620. .88 $3,: 500 -( 00 $1, ,141. 97 $3,651.16 


Exhibit C 
Tropical Medicine and Hygiene News 
Bethesda, Maryland 
CoMPARATIVE BALANCE SHEETS 
September 30, 1960 and 1959 
Assets 


September 
30, 1960 


Current assets 
Cash on hand and in bank (Exhibit D) ' $753 .69 
Accounts receivable 105.63 
Stamps and postage deposit on metered mail.... 16.66 
Inventory (‘‘Health Hints for the Tropics’’) 1,133.15 


September 
30, 1959 


$1,746.13 
125.00 
21.32 
173.60 





Total assets = gee a $2, 009. 13 
Net Worth 
Retained earnings: 
Balances September 30, 1960 and 1959....... $2,066.05 
Increase for years ended September 30, 1960 and 1959...... (56.92) 


$2, 066. 25, 


$2,629.50 
(563.45) 





Total net worth (Exhibit A)....... $2,009.13 


$2,066.05 
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Exhibit D 


Tropical Medicine and Hygiene News 
Bethesda, Maryland 


CoMPARATIVE STATEMENTS OF CaSH RECEIPTS AND DISBURSEMENTS 
For the Fiscal Years Ended September 30, 1960 and 1959 


Beginning cash balances September 1959 and 1958 
Receipts: 

Advertising 

Sale of supplements 


American Foundation for Tropical Medicine 


Disbursements: 


September 30, 1960 
$1,746.13 


September 30, 1959 
$2,193.91 


$1,250.00 
711.76 


2,941.92 618.00 2,579.76 





$4,688.05 $4,773.67 


Printing of Tropical Medicine and Hygiene News and 


membership list 
Printing of ‘‘Health Hints for the Tropics”’ 
Copy preparation of “News” and list 
Postage and express 
Office supplies 
Secretarial help 
Deposits on postage meter account 
Travel expenses 
Miscellaneous 


Ending cash balances, September 30, 1960 and 1959 


Consisting of: 
Cash in Bank of Bethesda 
Undeposited checks 
Cash on hand.. 


Total cash on hand and in bank (Exhibit C) 


The Treasurer’s report was accepted as sub- 
mitted. 

The report of the Editor of the American Jour- 
nal of Tropical Medicine and Hygiene was pre- 
sented as follows: 


The January issue of Volume 9 (1960) was 
brought out jointly by Editor-in-Chief pro tem., 
Martin D. Young, and Book Review and Issue 
Editor, Martin Frobisher. Through the succeeding 
four issues, until illness again intervened, Dr. 
Frobisher, as Associate Editor, continued to edit 
the Book Review Section and to handle the galley 
and page proofs. The publication schedule has 
been maintained largely through Dr. Frobisher’s 
skill and efforts, and it is hoped that he soon may 
be able to resume the office of Associate Editor. 

After the January 1960 issue had gone to press 
on 4 November 1959, there remained 25 manu- 
scripts to be transferred to the present editorial 
office. By 25 October 1960, 163 additional manu- 
scripts had been received. Of these, 69 (actually 
70, as two were combined) had been published (in 


$1 , 243.20 
1,300.35 
494 .26 
198.84 
57.71 
345.00 
170.00 
100.00 


3,934.36 3,027.54 





$753.69 $1,746.13 
$266.88 
468.12 
18.69 


753.69 


$1,705.09 


41.04 


$1,746.13 


numbers 2 to 5), 31 were in page or galley proof 
27 were being revised or reviewed, 18 were ready 
for editing, and 42 (22%) had been declined or 
withdrawn. The percentage of manuscripts re- 
ceived that were acceptable for publication in 
1960 (78% of 188) is very near the average for the 
past 10 years (78.5% of 156). 

The current volume of the Journal contains 99 
articles and 28 book reviews in 659 pages. The pre- 
ceding volume contains 99 articles also, a 66-page 
supplement (March), and 34 book reviews in 731 
pages. Of the articles in this year’s volume, 19 
were partially subventioned and 8 were completely 
subventioned by the contributors. Unless com- 
plete subvention is provided, the interim between 
the receipt of papers and their publication is 6 to 
8 months at the present time. 

Analysis of the subjects covered by articles in 
recent volumes reveals essentially no change in 
the representation of various interests. Approxi- 
mately half the papers in the 1960 volume 
deal with protozoa and helminths, and about one- 
fifth are concerned with some aspect of virology. 





NINTH ANNUAL MEETING 


TABLE 1 


Categories of articles in Volume 9 (1960) 


Biological 
Agents and vectors a 


Description 
anc 


experiment 
| 


Disease 
definition | 


Protozoa 
Helminths 
Parasites 
Fungi 
Bacteria 
Viruses* 
Arthropods 
Molluscs 
Venomst 
Others 


* Including rickettsiae. 
t Including antivenenes. 


Clinical, biological, and epidemiological subjects 
are about equally represented (Table 1). It is of in- 
terest that nearly half of the 95 research papers in 
Volume 9 are based on studies conducted outside 
the United States, 20 of them by foreign workers 
and 25 by American workers abroad. 

Only minor alterations have been made in the 
format of the Journal and no change has been 
made in the editorial policies established by pre 
It is felt that the Editorial Board 
should be increased from eight members to ten or 
more. Since one of the chief functions of the Board 


vious editors. 


is to recommend disposition of manuscripts, its 
membership must be somewhat representative of 
the subspecialty coverage of the Journal. Some 
subjects, 
than 


however, are more heavily represented 
are others. Consequently, the number of 
manuscripts falling to certain members has at 
times become burdensome, and the time required 
for adequate review has to some authors seemed 
unreasonably long. 

The Editor is greatly indebted to former edi- 
tors Lewis W. Hackett, Martin Frobisher, and 
Martin D. Young for their wise guidance and gen- 
erous encouragement; to the members of the Edi- 
torial Board for their conscientious and extremely 
valuable services; and to numerous persons who 
have served as referees or who have substituted 
Also, the Edi- 
tor would acknowledge with emphasis his deep 
gratitude to the contributors, first for submitting 


for members of the Board on leave 





Subject classes 


Clinical 
Labora- | Chemo- 
tory, di- | thera 
agnosis | PY | 


Epidemiological 


| a 
Trans- Others 
mission, 
control 


Preva- 
lence 
survey 





2 
6 
1 








their papers for publication in the Journal, and 
then, especially, for their co-operation and for- 
bearance in matters concerning manuscript re- 
visions and minor alterations. 

The financial position of the Journal is as satis- 
factory now as it has been in recent years. The 
Society’s share of the net surplus (50%) was 
$1,576.76 in 1958 and $1,637.51 in 1959; it should be 
approximately the same in 1960. A summary of 
financial statements prepared by the publisher, 
Williams and Wilkins Company, giving a break- 
down of income and expenses for fiscal years 1958 
and 1959, is shown in the Treasurer’s report. Ex- 
penditures by the Editor and Associate Editor in 
1960 are expected to be somewhat less than the 
surplus refunded by the publisher of the Journal. 

Respectfully submitted, 
Pau. C. BEAVER 
Editor 

By motion, duly seconded and passed, the 
Council expressed its gratitude to Dr. Beaver, to 
the Editorial Board and others who aided in the 
work of the Journal. Editorial Board changes 
were also approved by Council as required by the 
By-Laws, and a budget of approximately $2,000 
for editorial expenses was approved for 1961. 

The report of the Editor of Tropical Medicine 
and Hygiene News was presented as follows: 


The present Editor was given the responsibility 
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of editing and publishing the “News” beginning with 
the first issue in 1960. No important changes were 
made in policy or management. Emphasis has been 
placed on increasing the news coverage especially 
from abroad. Some minor changes have been made 
in the layout of the cover and lead pages. 

Six issues of the ‘‘News’’ were published and 
mailed to more than 2,000 people including, in 
addition to the membership, over 700 interested 
non-members. Many reports from Society mem- 
bers and from readers around the world indicate 
that the ‘‘News’’ is read with great interest and 
that it is a very useful means for spreading infor- 
mation. 

There has been a decrease in the rate of sales of 
‘‘Health Hints for the Tropics.’’ It is believed that 
the appearance of the new 4th edition should 
stimulate sales of this useful pamphlet. Harold W. 
Brown has done a most effective job of preparing 
the present revision and adding current informa- 
tion not previously available. The present edition 
is available from the Editor of the Tropical Medi- 
cine and Hygiene News, National Institutes of 
Health, Bethesda 14, Maryland, or from the 
American Foundation for Tropical Medicine, 551 
Fifth Avenue, New York 17, New York. 

The income to the ‘‘News” continues to be from 
three major sources—advertising, sale of Health 
Hints, and payment from the American Founda- 
tion for Tropical Medicine for printing and 
mailing the ‘‘News’’ to their special mailing list. 
It is to be noted that while there has been an in- 
crease in revenue over last year from advertising 
there has at the same time been a considerable 
decrease in profits from the sale of Health Hints. 

It may be seen from the financial statements 
that the ‘‘News’’ lost a small amount of money 
during the past year. In order to reverse this trend 
and to compensate for the ever increasing cost of 
production it will be necessary for the ‘“News’’ 
to increase its revenue. The most acceptable 
means of doing this is to obtain a substantial in- 
crease in advertising. 

The Editor of the ‘“News’’ would like to thank 
the Secretary-Treasurer, R. B. Hill, for his ever 
helpful and consistently friendly advice. 

Suggestions as to how the “‘News’’ can be im- 
proved will be welcomed. 

WiiuiaMm B. DeWitt 
Editor 


The report of the Editor of the “News” was 
accepted and appreciation of Council expressed. 
REPORTS OF COMMITTEES 


Charles Franklin Craig Lecture. The Committee 
invited Norman R. Stoll to deliver this annual 
lecture, and Dr. Stoll kindly accepted. 
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Joseph A. LePrince Award. The Committee re- 
ceived the promise of funds to support the award 
from the H. D. Hudson Manufacturing Company 
of Chicago. Justin M. Andrews was selected as 
the recipient. 

Walter Reed Medal. After due deliberation your 
committee recommended that the Walter Reed 
Medal be offered to Major General Sir Gordon 
Covell, now retired in England. Sir Gordon has 
indicated his pleasure and pride on being offered 
this tribute, but finds that he is unable to attend 
the meeting in person to receive the Medal. 

Honorary Membership. This Committee has no 
recommendations to make for Honorary Member- 
ship. 

Membership. Your Committee has examined the 
credentials of and applications of 86 prospective 
members, all of which were approved. It is the 
present policy ofthe Society toallownew members 
joining after September 1 to have the choice of 
applying their membership fee to the present or 
the following year. This avoids resentment and 
embarrassment on the part of new members when 
they are asked to pay another bill just after they 
have joined. The total membership at the end of 
the year was 1,264 as compared with 1,243 a year 
ago. 
Ad Hoc Committee on Lantern Slides. The Com- 
mittee prepared a three-page set of suggestions 
for the preparation of effective lantern slides. This 
was printed in the July 1960 number of Tropical 
Medicine and Hygiene News and was sent to each 
applicant for a place on the 1960 program. 

Nominating. Your Committee drew up a slate of 
candidates for the various offices for 1960-61, 
which was submitted to the Secretary. The official 
ballot was prepared and mailed to all voting mem- 
bers. 

Program. The call for papers was sent out at 
the usual time and resulted in a large number of 
requests for a place on the program. A number, 
sent in after the deadline, had to be rejected. The 
Committee members spent a large amount of time 
studying the abstracts of the papers and classi- 
fying them as to acceptability. William C. Reeves, 
charged by the Council with the responsibility 
for organizing a symposium on the arthropod- 
borne viruses, persuaded an outstanding group of 
scientists to participate. 


All of the above reports were accepted as pre- 
sented, with thanks and appreciation to the mem- 
bers of the various committees for their devoted 
interest in the affairs of the Society. 


REPORT OF REPRESENTATIVES TO ORGANIZATIONS 


American Association for the Advancement of 
Science. Submitted by Hugh Headlee. 





929 
“One 


The AAAS Council meeting in Chicago in De 
cember, 1959, was attended. It was suggested that 
representatives of organizations be appointed for 
two or three year terms in order to make their 
services more effective 

American Foundation for Tropical Medicine. 
Report submitted by Edward I. Salisbury. 

The Liberian Institute of the Foundation con- 
tinued its work under the direction of Max J. 
Miller the Resident Director, Reinhard 
Hoeppli. 

Robert 8. Bray with Robert W. Burgess is con- 
tinuing studies on malaria in chimpanzees. Harry 
Walter is in the second year of a five-year project 
on schistosomiasis, assisted by Donald M. Levine. 
Dr. Hoeppli assisted by Hans H. Schumacher is 
studying the pathogenesis of onchocercal derma- 
titis. Dr. Schumacher, pathologist from the Ham- 
burg Tropensinstitut, joined the staff in October 
of 1960 

Dr. Gunders is continuing his work on leprosy 
and maintains a clinic which treats 500 Liberians 
per month without charge. A chimpanzee colony 
has been established and it is hoped that Osman 
Hill, mammalogist of London, will join the staff. 

The International Cooperation Administration 
supported trypanosomiasis study at the field sta- 
tion at Voinjama, Liberia, is scheduled to termi- 
nate in December. National Institutes of Health 
grant support to continue the project has been re- 
quested. Michael P. Hutchison is Chief of Party 
assisted by Raymond Foster, both of the British 
Medical Services. 

Funds available for research in 1960 totaled 
$224 ,000 of which approximately $71,000 came from 
industry, $80,000 from ICA, and $73,000 from NIH 
grants. 

Concern is caused by the business recession in 
its effect upon donations from industry. These 
dropped by $10,000 during the past year. Govern- 
ment grants have increased and indications are 
that they will most likely continue to do so. 

I would like to extend invitations to possible 
visitors to the Liberian Institute at Harbel. Ad- 
vance notice to the New York Office is all that is 
required so that necessary arrangements regarding 
accommodations at Harbel can be made. 


and 


OTHER OLD BUSINESS 


Election of Officers and Councilors for 1960-61. 
The slate of candidates submitted by the Nomi- 
nating Committee was put into ballot form and 
mailed to all voting members in March. The 280 
votes received were tabulated by Tellers ap- 
pointed by the President, with the following re- 
sult: 
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President-Elect...... 
Vice-President....... 
Councilors 


.G. Ropert CoatNey 

.Ciay G. Hurr 

Lioyp E. RozeBoom 

CorneE.tus B. Putuip 
NEW BUSINESS 

Contribution to the National Society for Medi- 
cal Research. It was voted again to contribute 
$25.00 toward the support of this Society. 

Directory. The Editor of the ‘““News’’ was re- 
quested to prepare a revised membership direc- 
tory during 1961. 

Committee appointments. The Council elected 
the following members to serve on the Nomi- 
nating Committee for 1960-61: Harry Most, 
Lawrence Hall, and William C. Reeves. 

The Council appointed John Larsh to serve on 
the Bailey K. Ashford Award Committee for a 
term of six years. It was announced that the 
Bailey K. Ashford Award is to be given in 1961. 

W. H. Wade, George C. Shattuck, and Everett 
B. Johnson were elected Emeritus Members. 

The President was authorized to appoint such 
ad hoc Committees as he deems necessary and 
advisable. 

Council was advised by Justin M. Andrews 
that personnel of the Information Office of the 


National Institute of Allergy and Infectious Dis- 
eases could render assistance to professional 
societies in the furtherance of their programs. 
Council voted that the Society obtain such assist- 
ance for its various programs. 

There being no further business, the meeting 
adjourned. 


BUSINESS MEETING 


The annual business meeting was held on Sat- 
urday, November 5, President Wright presiding. 

The annual reports of the Secretary and Treas- 
urer were presented, as was the report of the 
Editor of the Journal. A report was made of the 
actions of the Council. The results of the ballot 
for officers and councilors were announced, and 
the new President, William W. Frye, took the 
chair. 

Committee appointments were announced by 
President Frye. 

The report of the Resolutions Committee was 
read by Dr. Balamuth, and accepted by the So- 
ciety by voice vote. 

Report of the Resolutions Committee (Bruce W. 
Halstead and William Balamuth): 


1. It is requested that the Secretary of the So- 
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ciety be instructed to write and send resolutions 
of sympathy to the families of deceased members 
of the American Society of Tropical Medicine and 
Hygiene. During the current year the Society has 
lost 

Edwin J. deBeer Janet Welch Mackie 

John E. Elmendorf James B. McNaught 

G. Nelson Furbeck Joseph F. Siler 

2. To Norman R. Stoll we extend the Society’s 
sincere thanks and highest esteem for his presenta- 
tion of the Twenty-fifth Annual Charles Franklin 
Craig Lecture, ‘‘The Worms: Can we vaccinate 
against them ?’’ 

3. The Society expresses its appreciation to the 
organizations and individuals who have served as 
hosts, or otherwise furnished helpful assistance 
for the ninth annual meeting of the Society held 
at the Biltmore Hotel, Los Angeles, California, 
November 2-5, 1960. 

A. The officers and members of the Society 
are deeply appreciative of the assistance and 
hospitality extended by the following host or- 
ganizations: College of Medical Evangelists, 
Los Angeles City College, Loyola University, 
Pepperdine College, Pomona College, Southern 
California Parasitologists, University of Cali- 
fornia at Los Angeles, and University of South- 
ern California. 

B. The assistance and co-operation of the 
staff of the Biltmore Hotel contributed to the 
success of the meeting. THEREFORE Be IT RE- 
SOLVED that the thanks and appreciation of the 
Society be expressed to Francis Bustillo, Con- 
vention Manager, and, through him, to members 
of the hotel staff. 

C. The planning of the local committee on ar- 
rangements was an essential contribution to the 
success of the meeting. THEREFORE Be IT RE- 
SOLVED that the thanks and appreciation of the 
Society be expressed to Gordon H. Ball and 
John F. Kessel, Co-chairmen, and committee 
members as follows: Yost U. Amrein, John 
Belkin, Marjorie Biddle, Charles M. Carpenter, 
Carl G. Kadner, Walter E. Martin, Thomas D. 
Pitts, Jerrold A. Turner, Marietta Voge, 
Edward D. Wagner, Fae D. Wood, and Sherwin 
F. Wood. 

D. The commercial exhibits added materially 
to the interest of the meeting. THEREFORE Bs 
It ReEso.vep that the thanks and appreciation 
of the Society be expressed to Mrs. Herma H. 
Hoefler, who served as Chairman of the Com- 
mercial Exhibits Arrangements, and, through 
her, to the commercial exhibitors. She also had 
charge of the Scientific Exhibits. 

E. The Scientific Exhibits were of consider- 
able interest. THEREFORE Be It Resouven that 
the thanks and appreciation of the Society be 
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expressed to the individuals who contributed 
these exhibits, through their institutions, as 
follows: International Cooperation Adminis- 
tration, Washington, D. C.; Los Angeles City 
College and University of California at Los 
Angeles, Los Angeles, California; Louisiana 
State University and Veterans Administration 
Hospital, New Orleans, Louisiana; Arturo 
O’Byrne Gonzales, Cali, Colombia; and World 
Life Research Institute, Colton, California. 

F. The interest and planning of the Com- 
mittee for Ladies’ Entertainment contributed 
greatly to the pleasure of the ladies attending 
the meeting. THEREFORE Be It Reso.vep that 
the Society expresses its thanks and apprecia- 
tion to the Hyland Laboratories as well as to 
certain anonymous friends for their sponsorship 
of the events, and to Drs. Marietta Voge and 
Fae D. Wood, Co-chairmen, and through them 
to other members of the committee: Mrs. John 
N. Belkin, Mrs. Paul R. Highby, Mrs. Carl G. 
Kadner, Mrs. Walter E. Martin, Mrs. Thomas 
D. Pitts, Mrs. Raymond Ryckman, Mrs. Jerrold 
Turner, and Mrs. Edward D. Wagner. 

G. The Society is deeply appreciative of the 
support of the Joseph A. LePrince Award by the 
H. D. Hudson Manufacturing Company. 


THEREFORE Be It RESOLVED that the thanks 
and appreciation of the Society be expressed to 


that Company and to Mr. H. D. Hudson. 

4. Editors of Society publications. Paul C. 
Beaver, Editor-in-Chief of the American Journal 
of Tropical Medicine and Hygiene and Martin 
Frobisher, Associate Editor, and William B. 
DeWitt, Editor, Tropical Medicine and Hygiene 
News, have continued the high standards of ex- 
cellence in the Society’s publications. THEREFORE 
Be It Reso.vep that expressions of appreciation 
of the Society be extended to these individuals. 

5. The Secretary-Treasurer of the Society. It 
is with sincere regret that the Society announces 
the retirement of Rolla B. Hill, who has rendered 
the Society long and devoted service as Secretary- 
Treasurer. Be Ir THEREFORE RESOLVED that the 
Society expresses its thanks and deep appreciation 
for his many years of faithful, dedicated service. 

6. Visitors from abroad. The Society welcomes 
especially the visitors from abroad who attended 
this meeting: Dr. George MacDonald, School of 
Hygiene and Tropical Medicine, London; Dr. I. 
McIntyre, University of Glasgow; Dr. E. S. L. 
Soulsry, Cambridge, England; Dr. Bernard 
Bezubik, Agricultural College, Lublin, Poland; 
Dr. Arturo O’Byrne Gonzales, Cali, Colombia; 
and Dr. Alfonso Trejos, School of Medicine, San 
Salvador. 
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Announcement was made of the tenth annual 
meeting of the Society to be held in Washington, 
D. C., November 1-4, 1961, headquarters to be 
at the Willard Hotel. 

There being no further business the meeting 
adjourned. 


SCIENTIFIC AND SPECIAL SESSIONS 


Five scientific sessions were held at which 66 
papers were presented. A joint session with the 
American Society of Parasitologists presented a 
Symposium on Arthropod-borne Viruses, or- 
ganized and moderated by William C. Reeves. 
In addition, six motion pictures were presented 
at evening sessions. 

At the annual banquet, at which Willard H. 
Wright presided, the Joseph A. LePrince Award 
was presented to Justin M. Andrews. The Walter 
Reed Medal was presented in absentia to Major 
General Sir Gordon Covell, and was accepted for 
him by G. Robert Coatney. Introduced by 
Norman Topping, President Willard H. Wright 
gave the Presidential Address. 


MOTION PICTURES 


Entamoeba invadens and E. histolytica Feeding 
on Blood Cells. Richard E. Reeves, Louisiana 
State University, New Orleans, La. 

Intestinal Roundworm Infection. William W. 
Frye, J. Clyde Swartzwelder, A. Pena Chavarria, 
Robert L. Simmons and Stanley H. Abadie, 
Louisiana State University, New Orleans, La., 
and San Juan de Dios Hospital, San José, Costa 
Rica. 

The Surgical Union of Rats in Parabiosis. 
Herman Zaiman, Yeshiva University, New York, 
N. Y. 

The World Within. Bennett J. Cohen and 
Marietta Voge, University of California, Los 
Angeles, Calif. 

Cell Division of Entamoeba histolytica in Cul- 
ture. James G. Shaffer, Thomas M. Scanlon and 
Vichazelhu Iralu, Chicago Medical School, Chi- 
cago, Iil. 

The Filariasis Story in India. George J. Burton, 
ICA Project in India. 


SCIENTIFIC EXHIBITS 


Chagas’ Disease. Trypanosoma cruzi Chagas. 
Sherwin F. Wood and Fae D. Wood, Los Angeles 
City College and University of California, Los 
Angeles, Calif. 


MEETING 


Strongyloidiasis. J. Clyde Swartzwelder, J. 
Paul Muhleisen, William W. Frye, Stanley H. 
Abadie and Robert L. Simmons, Louisiana State 
University and Veterans Administration Hospi- 
tal, New Orleans, La. 

Poisonous Plants and Fish of the Tropics. Bruce 
Halstead, World Life Research Institute, Colton, 
Calif. 

International Cooperation Administration. ICA, 
Washington, D. C. 

Tapazole. Arturo O’Byrne 
Colombia. 


Cali, 


Gonzales, 


1:30 P.M., November 2 


1. The Twenty-fifth Annual Charles Franklin 
Craig Lecture: The Worms: Can we vaccinate 
against them? Norman R. Stoll, The Rockefeller 
Institute, New York, N. Y. 

2. The Behavior of Leishmania in a Hepatoma. 
Quentin M. Geiman, Stanford University, Palo 
Alto, Calif. 

3. Toxicity of Various Insecticides to DDT- 
Dieldrin Resistant Aedes aegypti in Puerto Rico. 
Irving Fox, University of Puerto Rico, San Juan, 
P:R. 

4. Epidemiologic Significance of Reported Diar- 
rhea and of Shigella Infections in Two Arizona 
Communities. Melvin H. Goodwin, Jr., Sarah F. 
Welch, Thelma De Capito and Paul P. Maier, 
CDC, Phoenix, Ariz. 

5. Studies on the Sting and Venom of the Tropical 
Fire Ant (Solenopis saevissima). Rodney C. Jung, 
Tulane University, New Orleans, La. 

6. Relation of Climatic Factors to Encephalitis 
Transmission in the Western States. A. D. Hess, 
L. C. LaMotte and J. V. Smith, USPHS, Greeley, 
Colo. 

7. Allergy to Flea Bites: The Collection and Prop- 
erties of the Oral Secretion of Ctenocephalides felis 
felis (Bouche). E. Benjamini, B. F. Feingold, L. 
Kartman, R. D. Matarangas and M. Shimizu, 
Kaiser Foundation and CDC, San Francisco, 
Calif. 

8. The Current Status of Arthropods as Direct 
Agents of Human Illness in Texas. Don W. Micks, 
University of Texas, Galveston, Texas. 

9. Public Health Aspects of Ciguatera, or Fish 
Poisoning. Bruce W. Halstead, World Life Re- 
search Institute, Colton, Calif. 

10. Progress of Recent Studies of Kyasanur 
Forest Disease in India. Harold Trapido and 
Keerti V. Shah, Virus Research Center, Poona, 
India. 

11. Spread of Type 2 Poliovirus in Panama—T he 
Background of an Outbreak. Alexis Shelokov, John 
E. Craighead and Jacob A. Brody, National Insti- 
tutes of Health, Balboa Heights, Canal Zone. 
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9:00 A.M., November 3 


Symposium—Arthropod-borne Viruses 
Moderator, William C. Reeves 


12. Introduction to Symposium—W. Reeves. 

13. The Scope and Classification of the Arthro- 
pod-borne Virus Group—W. Pond. Discussant— 
H. Johnson. 

14. The Current Status of Group Activities of the 
WHO and American Investigators—R. Taylor. Dis- 
cussant—R. Alexander. 

15. The Problem of Epidemiological Investiga- 
tions in Tropical Areas—A. Shelokov. Dis- 
cussant—H. Trapido. 

16. The Problems of Both Field and Laboratory 
Evaluation of Suspected Arthropod Vectors—R. 
Chamberlain. Discussant—C. Eklund. 

17. The Problems of Clarifying the Role of Verte- 
brate Hosts and Arthropod Vectors in the Transfer of 
Virus from Area to Area—T. Work. Discussant— 
D. Stamm. 

18. Summary of the Symposium—R. Audy. 

19. General Discussion. 


2:30 P.M., November 3 


20. Paromomycin in the Treatment of Amebiasis 
in Ethiopia. Edward D. Wagner, College of Medi- 
cal Evangelists, Loma Linda, Calif. 

21. Cultivation of Entamoeba histolytica in 


Microcultures, from Single-cell Inocula with Bac- 
teria, and Transfer of the Progeny to Medium in 
Test Tubes. Charles W. Rees, Chicago Medical 
School, Chicago, Ill. 

22. Reactions of the Laredo Strain of E. histo- 
lytica with Five Anti-histolytica Sera. M. Goldman, 
R. K. Carver and N. N. Gleason, CDC, Atlanta, 
Ga. 

23. Some Effects of Metabolic Inhibitors upon 
Carbohydrate Utilization and Growth of Enta- 
moeba. William Balamuth and Thomas Kawa- 
kami, University of California, Berkeley, Calif. 

24. Salmon Diet in Relation to Amebic Colitis in 
Dogs. Jorge Artigas, Victor Villarejos and Paul C. 
Beaver, Tulane University, New Orleans, La. 

25. Cyst Production and Room Temperature Cul- 
ture of a Newly Isolated Strain of Entamoeba histo- 
lytica. Donald A. Dreyer, University of Pitts- 
burgh, Pittsburgh, Pa. 

26. Bis (dichloracetyl) Diamines as Amebicidal 
Agents. D. A. Berberian, R. G. Slighter and E. W. 
Dennis, Sterling-Winthrop Research Institute, 
Rensselaer, N. Y. 

27. The Immobilization Reaction in the Diagnosis 
of Amoebiasis. Francisco Biagi F. and Leonor 
Buentello, Universidad Nacional A. de Mexico, 
Mexico, D. F. 

28. Cutaneous Alfonso 


Amoebiasis in Mezico. 
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Martuscelli, Faustino Navarrete and Francisco 
Biagi F., Universidad Nacional A. de Mexico, 
Mexico, D. F. 

29. A Preliminary Report of the Hemagglutina- 
tion Test for Entamoebae. John F. Kessel, Wm. P. 
Lewis and Solomon Ma, University of California, 
Los Angeles, and Estelle Doheny Eye Foundation, 
Los Angeles, Calif. 

30. Evaluation of the Complement Fixation Re- 
action in the Diagnosis of Cerebral Cysticercosis. 
Francisco Biagi F., Faustino Navarrete, Bertha 
Martinez and Ana Maria Santiago, Universidad 
Nacional A. de Mexico, Mexico, D. F. 

31. Amoebiasis in Guinea Pigs Studied by Gel 
Diffusion and Immunoelectrophoresis. F. O. 
Atchley, A. H. Auernheimer and M. A. Wasley, 
CDC, Phoenix, Ariz. 

32. Growth Characteristics of Trichomonas vag- 
inalis in Solid Media. Michael H. Ivey, Univer- 
sity of Missouri, Columbia, Mo. 

33. Chloramphenicol Toxicity to Bone Marrow of 
the Monkey. Hamilton H. Anderson and Arseny K. 
Hrenoff, University of California, San Francisco, 
Calif. 


9:00 A.M., November 4 


34. Infection of Australorbis glabratus with 
Schistosoma mansoni under Bacteriologically 
Sterile Conditions. Eli Chernin, Harvard Uni- 
versity, Boston, Mass. 

35. The Prophylactic Effect of Cedarwood on In- 
fection with Schistosoma mansoni. W. C. Campbell 
and A. C. Cuckler, Merck Institute for Therapeu- 
tic Research, Rahway, N. J. 

36. Further Observations on the Lung Shift of 
Schistosoma mansoni in Mice Following Therapy, 
with Notes on Possible Analogous Responses in 
Human Schistosomiasis. Redginald Hewitt and 
Edna Gill, American Cyanamid Company, Pearl 
River, N. Y. 

37. Protection of Infection of Human Strain of 
Schistosoma japonicum in Rhesus Monkeys by 
Pre-inoculations with its Non-human Strain. A 
Preliminary Report. 8. Y. Li Hsii and H. F. Hsi, 
State University of Iowa, Iowa City, Iowa. 

38. The Prophylactic, Suppressive and Curative 
Activity of Antimony dimercapto Succinate (TWSb) 
in Experimental Schistosoma mansoni Infections. 
John I. Bruce, Maurice Schoenbechler and Elvio 
Sadun, Walter Reed Army Institute of Re- 
search, Washington, D. C. 

39. Fluorescent Antibody Studies of Schistoso- 
miasis. Elvio H. Sadun and Joseph 8. Williams, 
WRAIR, Washington, D. C. 

40. Influence of Nutrition on the Chemotherapy of 
Schistosomiasis mansoni. I. Hyperactivity of Stibo- 
phen in Mice on a Purified, Semi-synthetic Diet. 
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George W. Luttermoser and William B. DeWitt, 
National Institutes of Health, Bethesda, Md. 

41. Influence of Nutrition on the Chemotherapy of 
Schistosomiasis mansoni. II. Studies in Mice to 
Determine the Nutritional Factors in the Purified 
Diet that Enhances Stibophen Activity. William B. 
DeWitt and George W. Luttermoser, National 
Institutes of Health, Bethesda, Md. 

42. The Effects of Santobrite (Sodium Penta- 
chlorophenate), CuSO, and the Household Deter- 
gent, Tide, on Oncomelania formosana, Snail Host 
of Schistosoma japonicum. Lois Wong Chi, Im- 
maculate Heart College, Los Angeles, Calif. 

43. The Etiology of Hepato-splenic Schistosomia- 
sis mansoni in Mice. Kenneth S. Warren, National 
Institutes of Health, Bethesda, Md. 

44. Immunologic Aspects of Experimental 
Schistosomiasis japonica: A Study of Rabbit Im- 
Serums by Cellulose Column Chromatog- 
raphy and Serological Techniques. Mariano G. 
Yogore, Jr. and Robert M. Lewert, University of 
Chicago, Chicago, Ill. 

45. Schistosomiasis mansoni in the Kenya Ba- 
boon. Jack P. Strong, Henry C. McGill, Jr. and 
Joseph H. Miller, Louisiana State University, 
New Orleans, La 


mune 


2:00 P.M., November 4 


46. Use of the Chinese Hamster’s Check Pouch 
for Studies on the Pathogenesis of Parasitic Dis- 
eases: Observation of Infections with Plasmodium 
berghei and Trichinella spiralis. A. L. Ritterson, 
University of Rochester, Rochester, N. Y. 

47. A Study of the Response of Relapse Plasmo- 
dium berghei Infection to Latency Inducing Treat- 
ment in Mice. Herbert W. Cox, State University of 
New York, Brooklyn, N. Y. 

48. Staining of Human Malaria Parasites with 
Fluorescent Antibody. John E. Tobie and G. Robert 
Coatney, National Institutes of Health, Bethesda, 
Md. 

49. Infectivity to Canaries of Sporozoites of Plas- 
modium relictum Cultivated in Vitro. Gordon H. 
Ball and Jowett Chao, University of California, 
Los Angeles, Calif. 

50. A vivax-type Malaria of Simian Origin in 
Man. Clinical and Parasitological Characteristics. 
Henry K. Beye, Morton Getz, G. Robert Coatney 
and Don E. Eyles, National Institutes of Health, 
Bethesda, Md. and Memphis, Tenn. 

51. Apparent Transmission of Plasmodium cy- 
nomolgi to Human Subjects. L. H. Schmidt and 
Robert Greenland, The Christ Hospital Institute 
of Medical Research, Cincinnati, O. 

52. The Effects of Certain Drugs on the Exzo- 
erythrocytic Parasites of Plasmodium cynomolgi. 
Don E. Eyles and G. Robert Coatney, National 
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Institutes of Health, Memphis, Tenn. and Be- 
thesda, Md. 

53. Observations on a Plasmodium falciparum In- 
fection with an Abnormal Response to Chloroquine. 
Donald V. Moore and Jack E. Lanier, University 
of Texas, Dallas, Texas, and the Launey-Altick 
Clinic, Dallas, Texas. 

54. Apparent Resistance of Plasmodium falci- 
parum to Chloroquine. Martin D. Young, National 
Institutes of Health, Columbia, 8. C. 

55. Radiotracer Tests for Impaired Liver and 
Kidney Function: Potential Applicability in Tropi- 
cal Medicine. G. V. Taplin, H. Kade, O. M. 
Meredith, Jr. and C. C. Winter, University of 
California, Los Angeles, Calif. 

56. Observations on an Outbreak of Eosinophilic 
Meningitis on Tahiti, French Polynesia. Leon 
Rosen, National Institutes of Health, Bethesda, 
Md. 

57. Experiments in the Transmission of Pasteur- 
ella pestis by the Mite Haemogamasus liponys- 
soides hesperus Radovsky. (Acarina: Haemo- 
gamasidae). Deane P. Furman, University of Cali- 
fornia, Berkeley, Calif. 

58. Laboratory Tests with Carbamates against 
Body Lice. M. M. Cole and P. H. Clark, U. 
S. Department of Agriculture, Orlando, Fla. 

59. Host-Transfer of Wild Rodent Fleas under 
Natural Conditions. Harold E. Stark, Leo 
Kartman, W. V. Hartwell, S. F. Quan and F. M. 
Prince, CDC, San Francisco, Calif. 


9:00 A.M., November 5 


60. Control of Ectoparasites of Laboratory Ani- 
mals and Cages with the Sorptive Dusts SG 67 and 
2% Dibrom-SG 67. I. Barry Tarshis, University of 
California, Los Angeles, Calif. 

61. The Influence of Pregnancy and Lactation on 
the Behavior of Toxocara canis in Mice. Tomoo 
Oshima, Tulane University, New Orleans, La. 

62. The Tocopherol-like Activity of CIBA 1906 
and Other Anti-lepra Compounds in a Test Sys- 
tem Involving Murine Trypanosomiasis. Frans C. 
Goble and James L. Boyd, CIBA Pharmaceutical 
Products, Inc., Summit, N. J. 

63. The Treatment of Taenia saginata Infections 
with Quinacrine HCL (Atabrine) Administered 
through a Duodenal Tube. Donald E. Kayhoe and 
Henry K. Beye, National Institutes of Health, 
Bethesda, Md. 

64. A Case of Infection of the Brain by a Taeniid 
Larva. Edward K. Markell, N. Leonard Mor- 
genstein, David A. Strange and Robert Raskind, 
Kaiser Foundation Hospital, Oakland, and Cali- 
fornia Rehabilitation Center, Vallejo, Calif. 

65. Comparative Studies on Natural Immunity 
to Filarial Worms in Various Species of Rodents. 
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John H. Cross, Jr., J. Allen Scott and Etta Mae 
Macdonald, University of Galveston, 
Texas. 

66. The Isolation of Fractions from Ascaris lum- 
bricoides Active in Serologic Tests. George R. 
Healy, Irving G. Kagan, Lois Norman and 
Dorothy S. Allain, CDC, Atlanta, Ga. 

67. Serological Studies of Experimental Gnatho- 
stomiasis. Sompone Punyagupta and Guillermo 
Pacheco, Tulane University, New Orleans, La. 

68. Attempts at Selection of a Genetic Factor in 
the Tapeworm Spirometra. Justus F. Mueller, 
State University of New York, Syracuse, N. Y. 

69. The Development of the Mouse Nematode 
Nematospiroides dubius in the Germfree Host. Paul 
P. Weinstein, Walter L. Newton, Thomas Sawyer 
and I. R. Sommerville, National Institutes of 
Health, Bethesda, Md. 

70. Use of 59Fe to Determine the Effect of Ancylo- 
stoma caninum on Erythropoiesis in Dogs. Iris M. 
Krupp, Tulane University, New Orleans, La. 


Texas, 


287 


71. Studies on the Eosinophil Response of Rats 
Experimentally Infected with Trichinella spiralis 
Subject to Various Doses of Roentgen Radiation. 
Vito Scardino, Herman Zaiman and Joyce Miller, 
Yeshiva University, New York, N. Y. 

72. Prevalence of Intestinal Parasites among U. 
S. State Department Employees and their Depend- 
ents. Donald E. Kayhoe, Henry K. Beye, Eliza- 
beth Guinn and George P. George, National Insti- 
tutes of Health, Bethesda, Md., and Department 
of State, Washington, D. C. 

73. A Clinical Trial with New Dithiazanine 
Formulations. Jorge Tay, Alfonso Martuscelli and 
Clementina Gonzalez, Universidad Nacional A. 
de Mexico, Mexico, D. F. 

74. Anthelminthic Mass Therapy in a Philadel- 
phia School Using Two Formulations of Dithiazan- 
ine. M. M. Brooke, Francisco Febles, Mary 
Bazemore and Carl Janowsky, CDC, Atlanta, Ga., 
and Department of Public Health, Philadelphia, 
Pa. 





BOOKS RECEIVED 


Wadrmestauung und Schwiilekrankheiten. Entste- 
hung, Verlauf, Behandlung und Verhiitung 
fir Arzte und Hygienetechniker, by J. Grober, 
Professor an der Universitat Jena. 200 + viii 
pages. Stuttgart, Gustav Fischer Verlag, 
1960. DM 28.—. 

Protein and Amino Acid Requirements in Early 
Life, by L. Emmett Holt, Jr., M.D., Depart- 
ment of Pediatrics, New York University, 
Paul Gyérgy, M.D., Department of Pedi- 
atrics, University of Pennsylvania, Edward 
L. Pratt, M.D., Department of Pediatrics, 
University of Texas, Selma E. Snyderman, 
M.D., Department of Pediatrics, New York 
University, and William M. Wallace, M.D., 
Department of Pediatrics, Western Reserve 
University. 63 + vii pages, paper covers. 
New York University Press, 1960. $1.00. 

The Nutrition Research Laboratories, Hyderabad 
(Deccan) Annual Report for 1958-59. 58 +- 
iii pages, paper covers. Hyderabad (Deccan), 
Indian Council of Medical Research, 1959. 

Host Influence on Parasite Physiology, Leslie A. 
Stauber, Editor; L. R. Cleveland, J. D. 
Fulton, R. E. Hungate, Allan R. Timms, 
Donald Fairbairn, Paul P. Weinstein, and 


Ernest Bueding, Contributors; introductory 
remarks by Theodor von Brand. 96 + vii 
pages, paper covers. New Brunswick, New 
Jersey, Rutgers University Press, 1960. $2.00. 


Atlas of Medical Mycology, by Emma Sadler Moss, 
B.S., B.M., M.D., Director, Department of 
Pathology, Charity Hospital of Louisiana at 
New Orleans, Clinical Professor of Pathology, 
Louisiana State University School of Medi- 
cine, and Albert Louis McQuown, B.S., B.M., 
M.D., Director, The Pathology Laboratory, 
Baton Rouge, Louisiana, Clinical Associate 
Professor of Pathology, Louisiana State 
University School of Medicine, Visiting 
Pathologist, Charity Hospital of Louisiana 
at New Orleans. 2nd edition, 335 + xi pages, 
illustrated. Baltimore, Williams & Wilkins 
Co., 1960. $11.00. 

Infectious Diseases of Children, by Saul Krugman, 
M.D., Professor and Chairman, Department 
of Pediatrics, New York University School 
of Medicine, New York, N. Y., Director, 
Pediatric Service, Bellevue Hospital Center, 
New York, N. Y., Director, Pediatric Service, 
University Hospital, New York, N. Y., and 
Robert Ward, M.D., Professor and Head, 
Department of Pediatrics, University of 
Southern California School of Medicine, Los 
Angeles, Calif., Physician-in-Chief, Childrens 
Hospital, Los Angeles, Calif. 2nd edition, 
398 pages, illustrated (55 illustrations and 7 
color plates). St. Louis, The C. V. Mosby 
Company, 1960. $13.00. 
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Manual of Tropical Medicine, by Grorce W. 
Hunter, III, Ph.D., Witu1am W. Frye, Ph.D., 
M.D., Se.D. (Hon.), and J. Ciype Swanrtz- 
WELDER, Ph.D. 3rd edition, 892 pages, illus- 
trated. Philadelphia, W. B. Saunders Co., 1960 
$15.00. 

It is now fifteen years since the first edition of 
this book appeared. Intended originally as a 
military manual, it has earned a place of im- 
portance in the library of every health worker 
concerned with tropical disease. The current, 
third edition fills this place competently. With the 
death of the first senior author, Col. Mackie, two 
new authors have been enlisted, and they are 
indeed well qualified. The roster of collaborators 
has been expanded to thirty-three. 

Main sections are devoted to each of the princi- 
pal groups of infectious disease agents, to nu- 


tritional diseases, to molluscs and arthropods, to 
laboratory methods, and to a grab bag of mis- 
cellaneous conditions, including the effects of 
heat, injurious animals, and diseases of question- 
able etiology. The book does not attempt a general 
coverage of medicine in the tropics. Rather, it 
assumes the task of introducing temperate zone 
medical workers to those problems which are 
peculiar to or especially important in warm 
countries. Thus, in general, bacterial diseases 
familiar in the temperate zones are not treated, 
even though they may constitute major problems 
in some tropical regions. With animal parasites, 
on the other hand, the approach is different, 
presumably because of the strong tropical pre- 
dilection of parasitic diseases as a whole and 
because temperate zone workers are generally 
unfamiliar with them. Here the coverage is com- 
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prehensive, including such infections as trichi- 
nosis, which is chiefly non-tropical, and alveolar 
echinococcosis, which is not known at all in the 
tropics. 

With so many collaborators there is naturally 
some variation in emphasis from section to sec- 
tion. What is remarkable is the relative uniformity 
throughout. The accent is mainly on clinical 
features, epidemiology and control. Conciseness 
is the keynote, and it has been admirably 
achieved. As in previous editions the illustrations, 
format and typography are outstanding. 

There are very few matters of fact or inter- 
pretation with which the reader might disagree. 
It appears that the recommended dosage of 
amodiaquin for extraintestinal amebiasis should 
have been 0.6 g daily in three divided doses, 
rather than ‘0.6 gm t. i. d.’”’ (p. 287). The shaky 
basis for considering Pneumocystis carinit a 
protozoan might have been emphasized (p. 349). 
One might ask the source of the opinion (p. 268) 
that gametocytes and oocysts of Isospora bellt 
are probably formed in the lumen of the intestine. 
Recent major advances in knowledge of Brugia 
(Wuchereria) malayi might have received more 
attention. Obviously these are not major criti- 
cisms. It is clear that revision and editing have 
been done with care. 

The reviewer does feel, however, that the omis- 
sion of references is an important fault. The 
authors express the belief that limitations of 
space forbid their inclusion. Nevertheless, it 
could be argued that the very brevity of the book 
itself demands even more urgently that some 
guidance to additional reading be provided. While 
complete documentation might well have de- 
feated the purpose of the book, key references to 
major articles and reviews would probably have 
enhanced its value considerably. 

In general, the book succeeds notably in pre- 
senting a complex field clearly and simply, but 
without sacrifice of accuracy. As the need for 
widespread alertness to the medical problems of 
the tropics continues to gain recognition, this 
manual should gain steadily in deserved popu- 
larity. 

RicHarp J. PoRTER 

University oF MicuiGan ScHoou 
or Pusiic HEALTH 

ANN ARBOR, MICHIGAN 


Immunobiologia de la Equinocococis, by CaRLos 
P£REz DEL CasTILLo, M.D., Instituto de Endo- 
crinologia del Ministerio de Salud Publica. 71 
pages. Montevideo, Uruguay, Imprenta Na- 
cional, 1960. 

The book is divided into five general sections 
as follows: (1) general concepts on antigen anti- 
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body reactions; (2) differences between antigen 
antibody reactions in bacteria and in animal 
parasites; (3) immunobiology of echinococcosis; 
(4) biological therapy, immunization and de- 
sensitization; and (5) summary and conclusion. 
Summaries are given in English, French, and 
Portuguese. 

Each section is treated very extensively and 
always as related to helminthic infections. This 
makes the book quite useful as a reference book 
in this field. Two hundred and four references are 
included. The author introduces the results of 
his investigations and his views, but this is done 
in a very conservative way. 

In the first section, allergy, anaphylaxis and 
immunity in hydatid disease are clearly defined. 
The rest of the section deals with general dis- 
cussions on antigens, antibodies and intradermal 
reactions. It is noteworthy that the most pertinent 
literature and well-established concepts are well 
covered. 

The antigen antibody complexes in animal 
parasites and in bacteria, their similarities and 
differences, are explained in detail. The author 
claims that there are more fundamental differ- 
ences than similarities. 

Immune reactions resulting from light and 
heavy infections, parasite adaptation in con- 
nection with antigenicity, and antigenic differ- 
ences between different stages of a single species 
are also discussed. 

The most important sections of the book are 
the ones dealing with immunobiology and bi- 
ological therapy of echinococcosis. There is a 
lengthy discussion on the chemistry of antigens 
and antibodies and the various serological tests. 
The techniques, basis and expected results of 
desensitization as a form of biological treatment 
are also explained. Some of the newer serological 
tests, such as the hemagglutination and floccula- 
tion tests, are not included. 

The need for research in certain aspects is well 
indicated. The summary is adequate, stressing 
the most important points of the presentation. 

Although the book does not have a first-class 
format or typography, credit should be given to 
the printers for their efforts. 

José O.tveR-GONZALEZ 
ScHoou or MEDICINE 
University or Pverto Rico 
San Juan, Puerto Rico 


Polypeptides which Affect Smooth Muscles and 
Blood Vessels (A Symposium), M. ScHacuTErR, 
M.D., Se.D., University College, London, 
Editor. 336 + xv pages, illustrated. New York, 
Pergamon Press, Inc., 1960. $8.50. 

This book contains the proceedings of an inter- 
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national symposium held in London in 1959. It is a 
descendent of a symposium held five years earlier 
in Montreal that appeared in print under the 
competent editorship of J. H. Gaddum and bore 
the title Polypeptides which Stimulate Plain 
Muscle. The present volume has enlarged its 
scope as is indicated by the expanded title. It 
contains 30 papers in 336 pages rather than 15 in 
140. This expansion reflects the recent intense 
investigation of active polypeptides. The struc- 
ture of a number of these interesting substances 
is known. They can be characterized as among the 
mest potent biological products known, affecting 
smooth muscle in concentrations of 10-™° M or 
lower. Activities of the neurohypophysial pep- 
tides depend on the presence of a pentapeptide 
ring structure. The angiotensins and bradykinin 
are straight chains. They all, however, have some 
similar pharmacological properties and contain 
8 to 10 amino acids. The significance of this par- 
ticular molecular size is not yet clear. 

The 1953 Montreal symposium heard the then 
unpublished news that du Vigneaud had not only 
determined the structure of oxytocin but had also 
attained its synthesis. This was a dramatic an- 
nouncement that held great promise. Rapid 
strides have been made since 1953 in the study of 
polypeptides. Contributors to the 1959 symposium 
could discuss the pharmacology not only of neuro- 
hypophysial hormones and many of their struc- 
tural analogues but also of pure angiotensins and 
their analogues. In the 1959 symposium Elliott 
could not expect to match van Dyke’s disclosure 
. of the structure of oxytocin when he announced 
the amino acid content of bradykinin. This was, 
nonetheless, a significant breakthrough. The 
amino acid sequence was determined and brady- 
kinin synthesized within a year. 

A symposium can serve a valuable purpose by 
highlighting the uncertainties of experimental 
science. Here one finds an exhaustive paper dem- 
onstrating the importance of angiotensin in the 
pathogenesis of malignant hypertension. This is 
immediately followed by one replete with equally 
convincing evidence that angiotensin plays no 
part in either malignant or renal hypertension! 
The ensuing discussion unfortunately ends in a 
polite stalemate. 

The section on substance P suffers by com- 
parison to those on the better known peptides. 
This is an interesting substance but in the absence 
of positive information on its chemical nature or 
physiological function the reader is left rather 
unsatisfied. The last section, on ‘‘Anaphalatoxin, 
Leucotaxine, Permeability Globulins,’’ does not 
measure up to the high standards of the earlier 
sections. These are proteins, rather than pep- 
tides, with poorly defined chemical and pharma- 
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cological properties and doubtful physiological 
functions. 

This book shares a common failing with most 
symposium volumes. There is marked variation 
in style and quality between individual contribu- 
tions. Some are detailed; others resemble ab- 
stracts. On the whole, however, they are 
surprisingly clear when one considers the complex 
subjects with which they deal. The discussions 
contain unanswered questions as well as answers 
to questions that must have been asked but went 
unrecorded. There are several serious errors. The 
substitution of mg for wg on page 67 demolished a 
point for which the unfortunate author was 
striving. The transposition of two figures on pages 
220 and 221 is confusing. The readers of this 
journal will be assuredly shocked at the reference 
to Walter Reid [sic] on page 322. Editing a volume 
of contributions from the scattered corners of the 
world is a thankless task and errors such as these 
must be forgiven. We should express our gratitude 
to the editor for having pushed this volume 
through to publication so promptly 

This is a complete and valuable survey of 
progress in the investigation of these extraordi- 
nary peptides. All experimental pharmacologists 
and physiologists should be familiar with its 
contents. There are also here bases for many 
hypotheses that should challenge investigation 
by clinicians. As a reference this is an invaluable 
addition to any medical library. 

Wi.sur H. Sawyer 

CotumBIA UNIVERSITY 

CoLLEGE OF PHYSICIANS AND SURGEONS 
New Yor«, New York 


Medical Helminthology, by J. M. Watson. Ist 
edition, 487 + xi pages, illustrated. London, 
Baillitre, Tindall and Cox (The Williams & 
Wilkins Co., Baltimore, exclusive U.S. agents), 
1960. $15.50. 

The stated aim of this book is to bring within 
short compass the most important and recent 
information regarding the species of human 
helminth parasites of major concern, and to 
stimulate research by indicating some of the 
questions still awaiting solution. The two column 
format of rather large pages, well printed in a 
compact but easily read type, permits the inclu- 
sion of a prodigious amount of material. The 
impression is of detailed coverage in breadth at 
some sacrifice of depth. Intended for medical and 
graduate students, it will probably not completely 
satisfy either group. The former, in the United 
States at least, will consider it too detailed, while 
the latter will find many aspects insufficiently 
incisive. The chief deficiency is a complete ab- 
sence of literature citations. No names of authors 
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are mentioned except where they are associated 
with specific methods or taxonomic groups. The 
bibliography, to which no specific references are 
made, consists of a list of about fifty books and 
an approximately equal number of monographs 
and review articles. 

The first hundred pages are devoted to a general 
discussion of eleven topics such as history, life 
cycles, ecology, immunity and evolution of hel- 
minths. In the second and main part of the book 
the individual parasites are considered in detail 
by families. Each group or species is discussed 
under the headings of zoological relationship, 
distribution, morphology, life cycle, epidemiology, 
pathogenesis, immunity, diagnosis, treatment and 
prevention. The text is illustrated by numerous 
drawings which are evidently all either original 
or redrawn from original sources to provide a 
consistent style. Although often rather small, the 
line drawings are clear and generally quite ade- 
quate. The shaded drawings vary greatly in qual- 
ity, some presenting an excellent picture, but 
others are so sketchy and diagrammatic that they 
provide little more than dimensional relation- 
ships. The illustrations are not provided with 
scales of size, except those which constitute a 
somewhat unique and useful feature, viz., natural 
size silhouettes of adult worms. 

Following this main part of the book a third 
part of fifty pages is devoted to four general 
subjects: diagnosis, intermediate hosts, treatment 
and prevention. Under diagnosis there is a dis- 
cussion of methods for examining feces, urine and 
blood, preservation and staining of worms, re- 
covery of immature stages from soil, cultivation 
of these stages, and serological methods. This 
section could have been improved by greater 
selection, emphasis on methods most widely used, 
and evaluation of controversial questions. 

The section on intermediate hosts covers col- 
lecting methods and provides tables listing arthro- 
pod and molluscan hosts. The section on treatment 
includes discussion of the common anthelmintics 
and a table showing their chemical classification. 
There is hardly enough information to enable a 
clinician to choose and use a drug unless he is 
already well informed in this field. Surprisingly, 
the discussion of thymol and carbon tetrachloride 
is given equal prominence with that on hexyl- 
resorcinol and tetrachloroethylene for the treat- 
ment of hookworms. Bephenium is not discussed 
here nor mentioned in the chapter on hookworms; 
but, in a table of choice of treatment, it is listed 
as first choice for hookworms and the other four 
drugs are listed together under second choice. In 
fact, this is only one of many examples which 
could be given of a lack of attention to final re- 
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vision of a text which was written over a con- 
siderable period of time. 

Appendices include a brief résumé of zoological 
nomenclature and an extensive table of helminth 
parasites of common laboratory animals. One 
long appendix takes up by chapter recent informa- 
tion which has appeared since the book reached 
the page-proof stage and additional discussion of 
various matters which might better have been 
included in the text. There is an adequate index. 

In spite of the criticisms mentioned, the book 
is an excellent compendium of information, much 
of which cannot be found elsewhere in any one 
place. Factual information seems for the most part 
to be remarkably accurate, inclusive, and up-to- 
date. More extensive critical evaluation of con- 
troversial points would have been desirable, but 
this lack was probably dictated by space limita- 
tions and the aim of extensive coverage. 

This book will provide the clinician with basic 
information regarding any helminth parasites he 
may encounter. He, and the epidemiologist as 
well, will need to turn to more detailed discussions 
in the field of applications. The graduate student 
will be exasperated by not being able to easily 
trace the multitudinous items of useful informa- 
tion to their source through direct references, but 
he will nevertheless find this book practically 


indispensable because of its inclusive coverage. 
Every parasitologist will find this a useful book to 
have on his shelf. 

J. ALLEN Scorr 

UNIVERSITY OF Texas ScHOOL 

oF MEDICINE 

GALVESTON, TEXAS 


Gesundheitstaschenbuch fiir die Warmen Lan- 
der, by Prof. Dr. Dr. h. c. J. Groper, Dr. H. 
Horn, and Dr. F. OsperpDoERsTER. Ist edition, 
332 pages, illustrated. Berlin, Veb Verlag Volk 
und Gesundheit, 1960. DM 18.80. 

Though, according to the preface, designed for 
all travelers to warm countries and even for 
students of medicine and for medical workers first 
visiting such areas, obviously the pocket book on 
tropical hygiene by Professor Grober and his 
associates is intended mainly for persons and 
groups sent out by authorities or firms in East 
Germany for work in countries with a hot climate 
and also for those responsible for the dispatch of 
such workers from home. Accordingly, advice is 
offered not only on topics strictly belonging to 
the realm of tropical medicine and hygiene, but 
also regarding the mode of life in warm countries 
in general. Subjects of the latter kind are dealt 
with not only in the appendix (containing to a 
good part data to be found in general traveling 
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guides) but also in some parts of the main text. 
Inter alia, consideration is given there to the 
problems to be faced when coming in contact with 
the local populations, countrymen and persons 
belonging to other nationalities. While deploring 
the iniquities of colonialism and emphasizing the 
obligation of meeting the local people on a footing 
of fullest equality, the authors advocate on hy- 
gienic grounds that the newcomers ought to adopt 
a system of “‘Distanzierung,” t.e., ‘‘all possible 
avoidance of personal contact, direct as well as 
indirect,” with the indigenous population—an 
attitude often facilitated by restrictions imposed 
on the latter by religious tenets or custom. Though 
undoubtedly on other grounds, great reserve is 
also recommended when coming in contact with 
foreigners of other nationalities. 

The problems of tropical medicine and hygiene 
in the strict sense are dealt with seriatim under 
the headings of (a) climatology, acclimatization 
and suitability for service in the tropics; (b) 
housing, clothing and diet; (c) water supply and 
disposal of waste water and refuse; (d) steriliza- 
tion and disinfection; (e) insect vectors of disease 
and measures against these pests; (f) snakes and 
other poisonous animals; (g) diseases of warm 
countries, grouped together according to their 
etiology, but described individually; (h) guide for 
the recognition and preliminary treatment of 
acute diseases and first aid. 

The necessity of obtaining as far and as quickly 
as possible qualified medical aid is repeatedly 
stressed. Nevertheless, ample advice is given both 
in the last mentioned section and in the chapters 
dealing individually with the various morbid 
conditions on how to act if no such qualified aid 
is available. However, only persons with some 
medical training, such as medical assistants or 
nurses, would be apt to take full advantage of 
the latter recommendations. Generally speaking, 
it would be difficult for persons without prelim- 
inary training to master the voluminous details 
of the pocket book; and one also cannot help 
fearing that, if they did succeed in this task, they 
might become unduly conscious of the potential 
dangers facing them in the tropics. 

In general, the descriptions of the various 
morbid conditions and their emergency treatment 
are adequate as well as clearly set forth. How- 
ever, definite objection must be taken to the 
advice to treat, in the absence of qualified aid, 
cholera patients with sulfonamides. This mode of 
therapy must be considered futile, if at all ap- 
plicable, if one has to deal with sufferers from 
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cholera gravis, for whose effective treatment 
replacement of the lost fluids and electrolytes by 
intravenous infusion is a conditio sine qua non. 
Moreover, considering the present distribution of 
cholera, instances where this lifesaving treatment 
could not be obtained with reasonable speed would 
seem to be exceptional. 

It would also seem that sufficient attention is 
not paid in the book to the most essential subjects 
of rat control and of a hygienic regime in the 
kitchen, both of which go a long way in preventing 
gastro-intestinal infections. 

The printing and the numerous illustrations of 
the work are of a fully adequate standard. 

R. PoLuitzER 


The Urological Aspects of Bilharziasis in Rho- 
desia, by R. M. Honey, M.B., F.R.C.S. (Edin.), 
Consulting Urologist, Salisbury Hospitals 
Group, and M. Geuranp, C.B.E., M.D., F.R. 
C.P., Consulting Physician, European and 
African Hospitals, Salisbury; foreword by 
D. M. Buarr, O.B.E., M.D., D.P.H., Secretary 
for Health, Federation of Rhodesia and Ny- 
asaland. 71 pages, illustrated, paper covers. 
Edinburgh and London, E. & 8S. Livingstone 
Ltd. (The Williams & Wilkins Co., Baltimore, 
exclusive U. S. agents), 1960. $2.50. 

This brief monograph which deals with the 
urological aspects of schistosomiasis in Rhodesia 
should prove especially valuable to urologists in 
countries where schistosomiasis is not endemic 
and may be seen only infrequently. Under such 
circumstances it is desirable to have available 
such information relative to techniques of ex- 
amination as is outlined in this little book. The 
material is quite interesting and consists of an 
analysis of the findings derived from a study of 
100 Africans and 300 Europeans observed in the 
Salisbury European and African Hospitals. 
Several interesting differences in the disease 
process in the two groups are brought out and 
attention is called to the differences in degree of 
pathology. The reproductions of the x-ray studies 
of the genito-urinary tract are excellent. Various 
surgical procedures are outlined and the indica- 
tions for their performance discussed briefly. The 
material presented represents a concise review of 
the disease in the genito-urinary tract and its 
urological manifestations and management. 

Harry Most 

New York University Co.Liece 
or MEDICINE 

New York, New Yor«e 
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